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FULL MUNICIPAL OWNERSHIP of the water-works 
of Austin, Tex., has at last been secured through the 
purchase of the company’s plant by the city. The private 
works were built in 1875 by the City Water Co., and were 
subsequently transferred to the Austin Water, Light & 
Power Co. In 1891-5 the city built competing works, in- 
cluding the famous dam across the Colorado River, which 
was destroyed in April, 1900. The city pays the company 
$175,000 for its works and $85,000 in judgments, the latter 
on account of services rendered by the company and con- 
tested by the city. There has been much litigation be- 
tween the city and the company, and the latter has for 
some time been in the hands of a receiver. 

BIDS FOR A SEWER IN TUNNEL are soon to be in- 
vited by the Bureau of Sewers of the Borough of Brook- 
lyn, New York City. The sewer will be 132 ins. in di- 
ameter and over a mile in length, extending beneath 92d 
St. from 11th Ave. to New York Bay. It is estimated 
to cost $665,000. The lower end of the sewer will extend 
into salt water for about 425 ft., and it will be built of 
concrete and expanded metal, brick-lined, all resting on 
piles. The following clause in the specifications makes it 
particularly desirable that prospective bidders begin to 
post themselves as soon as possible on the material likely 
to be encountered on this work: 

Each bidder is expected to carefully examine the loca- 
tion of the work before making his proposal, and must 
satisfy himself as to the nature and geological forma- 
tion of the several strata through which the tunnel ani 
open cut work will be built. In order to determine the 
above data to his satisfaction, and also the elevation of 
the ground-water or spring level, he will be permitted, 
prior to making his proposal, to sink test wells or to 
make borings at his own expense. It is distinctly under- 
stood and agreed that the price bid per linear foot tor 
the tunnel sewers shall include the cost of building the 
same complete, whatever the geological nature of the 
several strata through which it is driven may be; it is 
also distinctly understood that the city does not guar- 
antee in any manner the formation of said strata. 


Mr. Henry R. Asserson, M. Am. Soc. C. E., is Chief 
Engineer of the Brooklyn Bureau of Sewers. 


THE NEW ORLEANS SEWERAGE BIDS on work in- 
cluding nearly 100 miles of sewers have been declared too 
high by Superintendent Earl and the Executive Commit- 
tee of the Sewerage and Water Board, and re-advertise- 
ments for nearly all the work have been recommended. 


CIVIL SERVICE EXAMINATIONS for ships’: draftsmen 
will be held at the New York Navy Yard on Sept. 9, 1902. 
The following vacancies are to be filled: Department of 
Construction and Repair—One first-class leading sbip 
draftsman, $6 per diem; two third-class ship draftsmen, 
$4 per diem; one first-class assistant ship draftsman, 
$3.28 per diem. In addition to filling the above vacan- 
cies, the department desires to establish an eligible reg- 
ister in the following grades: Ship Draftsmen—First- 
class, $5.04 per diem; second-class, $4.48 per diem; third- 
class, $4 per diem; fourth-class, $3.60 per diem; Ship 
Assistant Draftsmen—First-class, $3.28 per diem; second- 
class, $2.80 per diem; third-class, $2.40 per diem; fourth- 
class, $2 per diem. The examination will be open to all 
comers who can give evidence of experience in the kind of 
work for which they seek employment, and who are citi- 
zens of the United States. Persons now holding positions 
at the yard will be admitted to competition on the same 
footing as other applicants. Applications will be ad- 
dressed to the Commandant, Navy Yard, New York, and 
must be delivered to him on or before Monday, Sept. 8, 
1902. No application received after that date will be 
considered. 

INJUNCTION RESTRAINING WORK on Section IV. 
of the New York Rapid Transit Railway has been denied 
by Justice Giegerich, of the Supreme Court. Section IV. 
of the rapid transit railway comprises that portion pass- 
ing by tunnel under Murray Hill, on which a rock slide 
destroyed the fronts of several residences some months 
ago. Application for injunction to stop further work 
was made by Mr. C. T. Barney, one of the injured prop 
erty owners. The opinion=handed down by the Justice 
is one of particular interest, and is-in abstract as follows: 

The gravamen of the action is the alleged unlawful act 
of the defendants in so directing the construction of the 
rapid transit tunnel under Park Ave. between 34th and 
42d Sts. that the easterly wall of the tunnel is made to 
follow a line distant only 7 ft. from the building or house 
line of the street, it being claimed that in the plan of 
construction adopted there is a substantial departure from 
the maps and descriptions prepared by the Board of Rapid 
Transit Commissioners, in accordance with the statute 
which created their powers, the legality of their acts in 
causing the building of the tunnel being dependent upon 
their following the scheme of construction outlined or 
described in these maps and descriptions styled for the 
purposes of the case ‘“‘routes and general plan.’’ It appears 
thet the tunnel at this point was delineated by the draw- 
ings, which formed a part of the routes and general plan 
as under+the center of the street with its easterly wall 
distant some 37 ft. from the building or house line. If 
these drawings, with their attendant description, were to 
control the method of construction, then the present 
method is unlawful, because of the very substantial di 
vergence in plan which has resulted. These necessary 
details the ‘‘routes and general plan’’ undertook to show 
for the advisement of all persons interested, and in order 
that intelligent action might be taken by them to con- 
serve their best interests in the subsequent proceedings 
for the confirmation and approval of the plan Taking 
the words used in the ‘‘routes and general plan’’ with the 
plans or drawings to which they referred, no person could 
be expected to apprehend that the fixed position of the 
tunnel, as under the central portion of the street, was 
subject to such a change as would bring it for about ten 
blocks to a point 30 ft. nearer the building or house line 
than was indicated, merely because ‘‘suitable connections’’ 
were to be made near 42d St. A civil engineer might have 
found that something was omitted or that there was a 
variance between the plan, which showed the means of 
making connections, and the specifications which men- 
tioned the proposed connections, but a layman, for whose 
advisement the ‘‘routes and general plan’’ had been pre- 
pared under the statute, could properly assume that, in 
some way best known to engineering science, these ‘‘suit- 
able connections’’ were to be made from a tunnel under 
the middle of the street. Certainly he could rely upon the 
general proposition that the scientific construction of a 
railway, with the necessary curves for the approach to- 
ward a given point, does not depend upon guesswork or 
ebance, and I think, therefore, that no reasonable inter- 
pretation of the ‘‘routes and general plan’’ would afford 
room for justifying the extraordinary change in the posi- 
tion of the tunnel, as constructed, from the line described 
in the lawfully approved plan of construction as to this 
particular locality. The fact being that the work of build- 
ing the tunnel at the point in question is prosecuted 
without legal authority, there is technical support for the 
plaintiff’s action, which is directed against the expenditure 
of public funds for an unlawful purpose, but upon the 
facts disclosed it is perfectly clear that the remedy 
sought by way of an injunction is no remedy, and that 
to grant so-called ‘‘relief’’ in this form would be pre- 
posterous. The work of construction has advanced so far 
that the cost of completing it will about equal the neces- 
sary expense which must be incurred in properly refilling 
it if abandoned. To enjoin the further construction must 
involve the requirement, by mandatory injunction, that 
the part excavated be restored, for the safety of 


ANOTHER DISASTROUS ERUPTION OF MT. PELEE 
eccurred on Aug. 30, in which the villages of Morne 
Rouge and Ajoupa Bourllon, lying in valleys adjacent ti 
the volcano, were destroyed and over a thousand lives 
were lost. The nature of the destruction is net reported 
in the cable dispatches. The voleano La Soufrié@re, on the 
island of St. Vincent, B. W. I., was also alarmingly 
active, so that an outbreak was feared, at the same time 
that this last eruption of Mt. Pelee took place. It will 
be remembered that La Soufriére destroyed a large part 
of St. Vincent at the time when Mt. Pelee overwhelmed 
the village of St. Pierre with its 30,000 inhabitants in 
May last. 

THE MOST SERIOUS RAILWAY ACCIDENT of the 
week occurred on the Southern Ry. near Berry, Ala., on 
Sept. 1. An excursion train was derailed while rounding 
a curve at the top of a high embankment, and the engine 


with half of the train of teu cars rolled down into th 
ditch. About 25 persons were kHled 
100 injured, of whont over 
other fatal train accidents o« 


outright and nearly 
a score may die. Several 
urred, Of these, one which 
occurred on the Chicago & Northw 
tonna, Minn., on Aug. 30, a rv 


rao Ry. near Owa 

s to be noted. A west- 
a moderate rate of speed, 
which blew 
cars from the track and down the 


bound passenger train, going at 


was struck by a tornado, three passenger 


embankment. Two or 
three persons were killed in» the wreck 
OIL AS FUEL FOR STEAMSHIPS seems to be meeting 
with much success on the Pacifie Coast A recent in 


stance of this, as noted in the San Francisco ‘‘Examiner” 
of Aug. 21, is the case of the freight steamer “Ni Vadan,"’ 
running between San Francisco and Honolulu This 
steamer was fitted with Oil-burning furnace 
While ago, and the experienc: 
Pacific steaming has been 


S$ a short 
with them in actual trans- 
most satisfactory The prin 
oil fuel appear to be its cleanli 


ig in the space required for fue} 


cipal advantages of the 

vess and the large savi: 
storage. 

ALCOHOL AS A SOURCE 

been experimented upon by 

Technical Institute of 


OF MOTIVE POWER 
Professor Behre nd, 
Hohenheim. His 
made in a Koerting engine of 6 HP. 


ha 
of the 
experiment were 
nominal, with thre: 
mixtures of alcohol, as follows: (1) Alcohol denaturalized 
(2) Alcohol with benzine added to 
the extent of half the volume of the ordinary denaturaliz 
ing agent. (3) The same mixture as No 1 ais 
added. 


for commercial purposes 


2 with 18% benzine 
rhe results were as follows: 


Quanity consumed Cost of spirit 
per B.HP.-hour, per B-HP.-! 


nour, 
kilogram. franc. 
0.585 0.146 


The alcohol cost 25 francs per hectolitre 
benzine this is reduced 0.837 france per | 


cost of running with petroleum is 
B. HP.-hour. 


and by adding 
iectolitre The 
about 0.125 france per 


— 

THE PRUSZHOWSKI WATER 
drilling, for deep holes, 
flUshing water 


MOTOR FOR ROCK 
is a device for utilizing the 
instead of the boring rod, for conveying 
motive power to the boring tool. The rods either stand 
still, or are raised and lowered or turned; but the actual 
boring is done by a hydraulic motor attached to the 
bottom of the rods. The water under pressure is fed 
through the hollow rod to the motor, and the eonne 
Water does the flushing. It, in fact, substitutes a more 
powerful pump for the ordinary drilling engine. This 
device, and two dther hydraulic motors for boring, in- 
vented by Messrs. Howarth and Wolski, are described and 
illustrated in a paper presented at the late meeting of the 
International Society of Boring Engineers, held at F : 


rank- 
fort, Germany. : 


The paper concludes by saying that the 
to enable any opinion to be given as to 
the only tests yet made have been in 
drilling blocks of stone. With a drive pipe and piston 2 
ins. diameter, and a working pressure of 170 Ibs., the 
motor gave 12 strokes per sec. and consumed 1.1 eeliens 
of water, and the S-in. bit drilled through very hard 
sandstone at the rate of 26 ins. per hour; in soft sand- 
stone it drilled at the rate of 23 ft. per hour. 

A TURN-TABLE for connecting incline railways with 
ateral branches has been developed in Germany, and {s in 
use at the German Solvay Process Works at Serabers 
and at the basalt works of Chr. Obrmache 
Germany. The turn-table is adjustable to any incline 
from 0° to 28°, and can be used either on cable inclines 
or gravity railways. Its principal use, of course, is to 
connect the rail lines of a mine entered on a aleve with 
the tracks that branch off at the different levels. The 
apparatus is manufactured in Germany by the Sieg- 
Rheinische Huetten-Actien-Gesellschaft, of Friedrich- 
Wilhelms-Huette. 


idea is too new 
practical results; 


] 


r at Obercassel, 


MUNICIPAL EXHIBITION is to be held next sum- 
mer in Dresden, Germany. Our informant, the “Central- 
blatt der Bauverwaltung,”’ states that over a emateen 
German cities will take part, and that the capital cities 
of almost all European states, as well as the cities of New 
York, Washington, and Philadelphia, will be invited ‘The 
exhibition is to be opened on May 20, 1903, by the taper 
ial chancellor, v. Biilow; all articles intended for exhibi 
tion must be received before April 15, 1903, in case of the 


municipal section, or before May 10, 1903, in case of the 
industrial section. 


A. 


ABOUT 2,500 ARTESIAN WELLS have bebn drilled by 
the Cape Colony government during the past dozen years 
in aid of agricultural development. About three-fourths 
of these were successful in striking water, usually at 
depths of 50 to OO ft. These wells supply from 1,000 to 
30,000 gallons per day, the supply being raised by deep 
well pumps. Most of the holes have been put down with 
diamond drills. Soon after the outbreak of the war these 
government well-boring outfits were taken into the field 
to provide water supplies for the British forces and ac- 
complished remarkable results. 
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STEEL DOME FOR WEST BADEN, IND., HOTEL; THE 
LARGEST DOME IN THE WORLD. 

The large new hotel now in course of construc- 
tion at West Baden, Ind., is to be surmounted 
by a domed roof remarkable for its great size. 
This dome has steel framework and is larger than 
any other ever built, its span exceeding by about 
15 ft. that of the great dome of the Horticultural 
Building at the Chicago Exposition of 1893. The 
accompanying views and drawings give an ex- 
cellent idea of the appearance of this great struc- 
ture, and make clear its construction and erec- 
tion, 

The general form of the dome is well shown in 
Fig. 1, which is a view taken when the steel 
framework was practically completed. The dome 
is about 200 ft. in outside diameter, and rises 
about 50 ft. above its bed-plates. Its frame con- 
sists of 24 steel ribs, all connected at the center 
or crown to a circular plate drum, and tied to- 
gether at the bottom by a circular plate-girder 
tle. Each rib foots at its outside end on a built- 
up steel shoe, resting on a masonry pier. The 
rib is connected to the shoe by a steel pin, and 
the outside plate-girder tie is attached to the 
gusset plate at this point, just above the shoe. 
The shoes of all the girders are constructed as 
expansion bearings, being provided with rollers 
in the usual manner. 

It will be seen from this description that the 
dome-framing is virtually an aggregation of two- 
hinged arches with the drum at the center form- 
ing their common connection. Their thrust at 
the foot goes into the circular tie-girder, and 
only vertical loads (and windloads) come upon 
the shoes and the bearing piers. At the same 
time any temperature stresses are avoided, since 
the expansion rollers under the shoes permit a 
uniform outward motion of the lower ends of all 
the ribs. 

Fig. 2 shows one of the arch-ribs in outline, 
and gives also a part plan of the dome-framing. 
As will be seen, the rise of the arch, 43 ft. from 
center of pin to middle of rib, is something be- 
tween one-fourth and one-fifth of the span, which 
is 195 ft. between centers of pins. The outline of 
the top chord approximates an elliptical curve, 
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FIG. 1. GENERAL VIEW OF WEST BADEN HOTEL IN COURSE OF ERECTION, SHOWING STEEL 
FRAMEWORK OF DOME NEARLY COMPLETED. 


H. Albright, Charleston, W. Va., Architect; illinois 


Steel Co., Contractors for Steelwork; Oliver | 


Westcott, Designer of Steelwork. 


Pratt type, with substruts to the top chord as 
purlin supports. In the end sections the arrange- 
ment is necessarily modified, and the sharper cur- 
vature of the chords is allowed for by more fre- 
quent strutting. ; 

The maximum stresses in the different members 
of the arch are noted on the right half of the 
rib, in Fig. 2. They were obtained by properly 
combining the dead load stresses with the 
stresses due to wind assumed blowing successive- 


sq. ft. of normal surface, reduced for the inclina 
tion of the roof to the vertical. The make-u) 
the members is given in Fig. 2, on the left haif 
the rib. It will be seen that their design follow- 
closely the usual American practice in roof wor! 
the stresses in no case are higher than can 
comfortably provided for by the ordinary doubh! 
angle section. 

In the plan of part of the dome, Fig. 2, the 
method of bracing the ribs is clearly shown. Suc 
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Part Plan. 


Fartial Elevation. Vertical Section. 


Detail of Heel Joint and Bearing, 
Enlarged. 


FIG. 2. PART PLAN AND SECTION STEEL FRAMING OF DOME OF WEST BADEN HOTEL. 


and the bottom chord is parallel to the top chord 
throughout its length, except in the three end 
panels on either side, the depth of the arch being 
10 ft. back to back of chord angles. The web 
members are arranged as a single system of the 


ly in opposite directions in the plane of the rib 
in question. The loads used in the calculation 
were a dead load separately estimated for each 
panel point, a variable snow load, heaviest at the 
center of the roof, and a wind load of 30 lbs. per 


cessive pairs of ribs are connected by bays of 
bracing in both upper and lower chords. In the 
upper chord the I-beam purlins are made use of 
as struts, angle struts being used in the lower 
chord. The bracing consists throughout of crossed 
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idjustable rods. At the center, these rods are 
earried over to a tangential attachment to the 
entral drum, so as to give more rigidity against 
twisting of the center. 

The central drum, 16 ft. in diameter by 10 ft. 


Fig. 3. Dome Under Erection, Showing Method of 
- Supporting Central Drum. 


deep, has a web of %-in. plate, with stiffener an- 
gles to which the ribs are attached. At top and 
bottom the drum carries a flange plate 24 ins. x 
5-16-in., for lateral stiffness. In addition it is 
cross-braced internally by four diametrical frames 
intersecting at the center. The outer tie-girder, 
which takes the thrust of the arch-ribs, is a 
simple channel-shaped plate girder, 24 ins. deep, 
as shown in the plan. The weight of the dome 
complete, including framework and covering, was 
175,000 Ibs. This makes the dead load about 15 
Ihs. per sq. ft. of horizontal projection of roof 
surface. 

The erection of this dome is a matter of some 
interest. Figs. 3 and 4 are views of the partly- 
erected structure. The method used was as fol- 
lows: A falsework tower was built up from the 
ground to the level of the bottom of the drum in 
the center of the dome, and a boom derrick 
mounted upon it. The derrick was strongly guyed 
at the bottom as well as the top of the mast, so 
as to avoid lateral stresses on the tower. The 
large central drum was then erected in its true 
position on top of the tower and fully riveted up. 
The ribs were assembled separately on the ground, 
and by means of the derrick were raised one at 
a time into position, and connected to the drum. 
The work proceeded thus alternately on opposite 
sides of the dome, so as to get the ribs into their 
arch relation and prevent the tower being forced 
out of center. The first rib raised displaced the 
top of the tower several inches, on account of 
the stretching of the long wire cable guys, but 
when the second rib, immediately opposite, was 
placed, it brought the tower back to its original 
position. The falsework tower was removed only 
after all of the arches, tie-girder, purlins, and 
bracing had been placed and riveted up. 

The general design for the West Baden Hotel 
was conceived by the owner, Mr. L. W. Sinclair. 
The architect for the structure was Mr. Harrison 
Albright, of Charleston, W. Va. The Illinois Steel 


Co. furnished the design for the steel dome and 
built 


the same; the design was originated and 
worked out by Mr. Oliver J. Westcott, then in 


charge of the estimating department of the Illi- 
nois Steel Co., and now of the engineering and 
contracting firm Stephens & Westcott Co., 774 
Rookery, Chicago. The general contractors for 
the building are Caldwell & Drake. of Colum- 
bus, Ind, 


THE BLACK DIAMONDS OF BAHIA, BRAZIL. 


U. S. Consul H. W. Furniss, of Bahia, Brazil, 
reports upon diamonds and carbons, the latter 
being the stones used in diamond drills. The 


‘geological formation of this region is very inter- 


esting. The rock is eruptive, and the carbon, by 
great heat and pressure, has crystallized into dia- 
monds; with conditions perfect the diamond of 
commerce was produced; with less perfect con- 
ditions the earbon failed to crystallize and appears 
in hard, blackish masses of irregular shape, 
known in trade as carbon or black diamonds. 

The original rock is granitic,and mix: d with this 
is a sandstone of different degrees of hardness, 
and a conglomerate of rounded pebbles cemented 
by a very hard matrix, often resembling a dark- 
colored cement. Both sandstone and conglomerate 
are of more recent formation than the granite, 
and they contain the diamonds. These precious 
stones are thus not found in situ, but occupy their 
position as a result of fluvial action. 

The diamonds and carbons cannot be removed 
from either the sandstone or conglomerate be- 
cause of the impracticability of breaking the rock 
without crushing the precious stones. The miners 
therefere, work in the gullies between the rocks 
and in the cavities about them, depending upon 
the disintegrating influence of time and the ele- 
ments, and the washing down of this debris into 
the ravines and river beds. 

The method of mining here employed is of a 
crude type. The “cascalho” or diamond-pro- 
ducing debris is mined in the open or by tunnels, 
and at the end of each week this accumulation is 
laboriously washed, either in a sluice with run- 
ning water, or in large wooden basins manipulated 
by hand. In another method of mining a diving- 
bell is used, and in the Paraguaca River, near 
Tamandoa, as many as a hundred native divers 
work the river bed, collecting into 
sacks, which are hoisted into canoes and taken 
ashore. Mr. Furniss says that with improved 
machinery and modern methods much better re- 
sults could be secured. Scme of the 
ductive locations cannot be worked 


the gravel 


most pro- 
because the 


FIG. 4. VIEW AT HEEL OF 


water leaks in faster than it can be bailed out by 
hand; here, even, a good hand pump would much 
improve conditions. 

The output of carbons now averages about 2,500 
carats per month, but the output is decreasing 


while the demand is constantly increasing. Mr 
Furniss says that immense quantities of carbons 
undoubtedly exist in that region, but it will take 
well-managed companies with capital to 
mine them profitably. 

Carbons are classified as porous, or crystallin: 
and good. The good stones are now worth at the 
mines $24 per carat, if the stone is over ‘-carat 
in weight; for stones of \% to “4-carat, the price is 
$7.20 per carat; carbons of less than %-carat are 
mixed with “refugo’’ diamonds, worth S48 per 
oltava. The porous carbons bring half these fig 
ures, but not more than 5° of the 
belong to this class. The carbon ever 
discovered came from the district; ii 
was found in 18%, and weighed 3,150 carats. It 
was sold by the miner for $16,000, one-fourth of 
this going to the owner of the claim; this stone 
was finally sold for $25,400 and sent to Paris to 
be broken up into marketable pleces. The next 
big tind was in 1901, when near the same place as 
before a carbon of 577 carats was unearthed; this 
was sold by the miner for $17,380.) The 
size of the carbons found is 6 carats 
monds and carbons from this district are 
to Paris and London from Bahia City 


large 


stones mined 
largest 


Lencoes 


average 
All 
shipped 


dia 


50-TON STEEL COAL CAR, WITH WESTINGHOUSE FRIC- 
TION DRAFT GEAR; PENNSYLVANIA R. R. 

The Pennsylvania R. R. now 

equipment about 10,000 steel 

cars of 50 


has in its freight 
hopper-bottom coal 


tons capacity, most of which are 
equipped with the Westinghouse friction buffer 
and draft gear. These cars are built of steel 


plates and pressed steel shapes. The general de- 
signs were prepared by the Motive Power Depart 
ment of the Pennsylvania R. R., to which we are 
indebted for copies of the plans, and the cars are 
built by the Pressed Steel Car Co., 
Pa. 


of Pittsburg 
A comparison of these cars with some others 


of the same class built by the same firm for other 
railways is given in the table below 

The general plans showing the construction of 
in Fig. 1. 


one of these cars are given There are 


ARCHES DURING ERECTION. 


four pressed steel sills of channel section, 10 ins. 
deep at the ends and 17 ins. at the middle. These 
sills are riveted to end sills of Z section, the short 
upper vertical leg being riveted against the end 
posts, while the deeper vertical leg is slotted out 


— = — = 


100,000-1b. Hopper-Bottom Coal Cars; Pressed Steel Car Co 


Great Northern Ches. & Ohio 

— —Ry.—— 
Length inside .......... 30 ft. OY%-in. 28 ft. O%-in 
Height, rail to top ..... 10“ ™ Wie 
Height, rail to hopper.. 2“ 
Wheelbase, truck ...... Tipe 
Wheelbase. total ....... at 
Capacity (level full).... 1.500 eu. ft. 1920 cu ft. 
Weight, empty. ........ 37,900 Ibs. 37,700 Ibs. 


L.S.&M.S8. Balt. & Ohio Pennsylvania 
-—-Ry.-——,  ———Ry.———, -—-R. Ry.-— 
OY%-in. BOft. OY-in. 31 ft. BOft. O4-in 
9“ Gins. 8‘ 9% 6 “ Gins 
1,680 eu. ft. 1.590 cu. ft. 1,685 cu. ft 1,680 cu. ft. 
36,000 Ibs. 36,700 Ibs. 29,200 Ibs 36.300 Ibs. 
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for the drawbar. The body bolsters are composed 
each of a pair of 10-in. pressed steel channels, set 
back to back and riveted between the sills. The 
ends are of flanged plates, the upper 
fiange taking the place of a stiffening angle, while 


sides and 


end. The wheels are 33 ins. diameter and the 
axles have journals 54% x 10 ins. The truck wheel- 
base is 5 ft. 6 ins. The contact surfaces between 
the spring plank and column castings are ground 
to ensure a good bearing. The brakes are hung 


reaction force exerted by draft springs \, 
pressed. The friction gear allows the « 
total travel of 2 7-16 ins. in either direc: 
force of 140,000 Ibs. on the drawhbar is ; 


give it this full travel. Through the 
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FIG. 1. 


flange of the side plates rests on the 
flange of the side sill and is riveted to it. Trans- 
verse bars inside prevent buckling, and the sides 
are stiffened by pressed steel stakes riveted to 
the sill, plate and top flange. The corner 
posts, floor plate supports over the bolsters, hop- 
per and various minor parts are all of 
There are two hoppers, each with 
two doors 3 ft. 6 ins. wide and 2 ft. 4% ins. deep, 
operated by a system of levers on a shaft 24 ins. 
square, When the car is loaded, the body settles 
about 13-16-in. below its level when empty. The 
clearance allowed between the bearings of 
new cars of this class is from 4-in, (minimum) to 
%-in. (maximum). 

These are mounted on four-wheel trucks 
with arch-bar or diamond frames and pressed 
steel bolsters, as shown in Fig. 2. The arch bars 
are 1% x 5 ins. and the tie-bar is % x 5 ins. 
The bolster is of box section, 7% ins. deep at the 
ends, where it rests on the springs, and 15% ins. 
at the middle. The spring plank is a steel chan- 
nel, with a seat for the nest of springs at each 


the lower 


side 


doors 


pressed steel, 


side 


cars 


Dimensions of 100,000-Ib, Steel Coal Cars; Pennsylvania 
R. R 


Distance between bottom of hoppers ....... * 
Width over top flanges 
Height, rail to top of body, light.......... w* oO 
bottom of hopper, light...... 
center of drawbar, light..... 2** 104%“ 
Depth at ends ..... 
rrucks, wheelbere ..... ; 
Tracks, distance to ¢.. 
“ubic contents, level full 1.672 cu. ft 
arked capacity. . ; 100,008) Ibs 
Weight, empty 9, B00 
We'gh:. loaded, level full G00 
Live load, level full . 71.79 
oe per ton of capacity, level full .... 786 Ibs 
per cu. ft. of capacity, level full. . 235 


50-TON STEEL COAL CAR; PENNSYLVANIA R. R. 


between the wheels, and the bolts securing the 
brake-hanger support to the spring plank have 
double nuts and are riveted over upon the nuts. 
The Westinghouse friction draft gear with 
which these cars are fitted is a device which Mr. 
George Westinghouse invented and patented some 
years ago, in which the frictional resistance de- 


| 
a ( 

— 
Halt Plan 


Sectional Side Elevation. 


Pressed Steel Car Co., Pittsburg, Pa., Builders. 


of the stroke the resistance is due to an ordina) 

spiral draft spring, which provides the requisite 
elasticity for ordinary operation, but through th: 
remainder of the stroke there is an ever increas 
ing frictional resistance, combined with spring 
pressure, that takes up the effect of heavy strains 
or blows. With this arrangement, while a force 
of 140,000 Ibs. is required to fully compress th« 
friction apparatus, its reactive effect is less thar 
6,000 lbs. The friction draft gear is of great im 
portance on long trains of heavy cars, as it no! 
only absorbs the buffing shocks which are so «: 

structive, but also absorbs the pulling shocks 
which ordinarily make it difficult to start such 
trains by powerful locomotives without injury to 
the draft gear, and which are also a frequent 
cause of trains parting. 

The original form of the device consisted esse! 
tially of a series of flat plates attached to a f» 
lower on the drawbar alternating with other fla 
plates attached to a yoke at the rear of the yok 
but the present form is more compact and mor 
effective. This is shown in Fig. 4, the frict 
apparatus being placed within the yoke and | 


FIG. 2. TRUCK FOR 50-TON COAL CARS; PENNSYLVANIA R. R. 


veloped between sliding surfaces was utilized to 
absorb the shocks of buffing and pulling. This 
device not only takes up a much greater propor- 
tion of the force exerted upon the coupler than 
ordinary draft springs, but is also free from the 


| | 
Sectional End Elevation 

tween the followers in the usual way. Th: 
of the Gdrawbar may be made to fit the yok 


shown in the longitudinal section, or. if the 
nary form of drawbar is used, filler pieces 
placed above and below to fill in the spac: 
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t irawbar and yoke where they are in this cylinder are fitted with wedge bars G, 
yveen the dr 


ted together, as shown in the smaller draw- 


- of the yoke. 
At the back of the yoke is the follower plate A 


having lugs H which engage with pockets in the 
segmental carriers E, so that as the carriers are 
moved in either direction the bars move with 


nst which bears the coiled spring C, the front them. 


i of which bears against a conical wedge D, of 
tagonal section, with a hard brass shoe or plate 
Built up around the wedge are 


n each face. 


Center Sill 


Center Sill 


The back follower spring A receives the pulling 
stresses from the end of the yoke; the front fol- 
lower Z transmits them to the drawbar stops and 
to the car framing. The func- 
tion of the spring C is to force 
the wedge against the inclined 
surfaces N of the segmental car- 
riers, and also to absorb the or- 
dinary pressure on the drawbar 
due to the movement of the train. 
When the apparatus is placed in 
the yoke, this spring is under a 
slight compression, which insures 


Plan. 
End Sill j : 


the parts being held tightly in 
position, thus preventing foreign 


=) 


Yore 


Friction center 
NEWS. — B 
ENG. 
Longitudinal Section. Section A-B. 


FIG. 3. DRAFT RIGGING FOR FRICTION DRAFT GEAR. 


eht malleable iron carriers E; each of these has 
segmental outer face, with a longitudinal stiff- 
ing rib, which acts as a guide, while the inner 
ice has a projecting seat N to fit one face of the 
edge. The ribs of these carriers are of triangu- 
ir section, and fit within alternate grooves F in 
the friction cylinder B, the head of which bears 
‘zainst the front follower Z. The other grooves 


substances from lodging between the bearing sur- 
faces. The small auxiliary concentric spring O 
gives additional pressure on the wedge. The 
main release spring K is used for returning the 
segmental carriers and wedge ‘bars to their nor- 
mal position after the force to close them has 
been removed, and it also gives additional capac- 
ity to the device. The function of the release 
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Details of Wedge Bars ‘“‘G.” 
FIG. 4. WESTINGHOUSE 


Yoke and Ordinary Drawbar. 


Wedges and Carriers Fitted Together. 
FRICTION DRAFT GEAR. Westinghouse Air Brake Co., Pittsburg, Pa., Makers. 


auxiliary spring L is to release the wedge D, and 
the release pin M relieves the pressure of this 
auxiliary spring against the wedge during fric 
tional operation. 

The operation of the device is described by th 
Westinghouse Air Brake Co. as follows: 


When, either in draft or in buffing, the stre 


upon tl 
drawbar moves the follower plates, A or Z, toward each 
other, the preliminary spring, C, is compressed, and if the 
pressure so applied is less than is required to force the 
follower plate, A, against the release pin, M, the segmenta 


carriers and wedge bars remain at rest. The capacity of 
this spring is about 20,000 Ibs. and i ufficient to provide 
for a large percentage 6f the drawbar movement thu 
greatly relieving the frictional element from motion and 
consequent wear When, however, the stress exceeds the 
capacity of the preliminary spring sufficiently to push the 
follower, A, against the ends of the 
it will have forced the release 


segmental carrier 
pin, M (which project 


slightly above the segmental carriers), toward the closed 
end of the cylinder, thereby relieving the pressure of the 
auxiliary release spring against the small end of the 


wedge. In this position the force necessary to compre 
the springs, C and O, is exerted against the large end of 
the wedge. and by the inclined surfaces it 
through the segmental carriers and wedge bars into mo 
tion, and in so doing the force exerted by the wedge upon 
the wedge bars produces friction between the wedge bars 
and the V-shaped grooves of the cylinder (which 
toward the closed end). The traverse of the wedge bars | 
completed when the follower, A, comes in contact with the 
end of the cylinder, the release springs, K and I 
been compressed to about 80% of their capacity I hie 
complete movement of both spring and frictional element 
result in a total resistance of about 140,000 Ib 

On the removal of the pulling stre 
springs, C 


transmitted 


tapered 


. having 


s at the coupler, the 
and O, return gradually to their normal length 
The preliminary release spring, L, then pushes the wedg: 
back and away from the segmental carriers, and in thi 
condition the main release spring, K, bearing upon the 
projections, N, of the segmental carriers, presses them to 
the lett, which, when accomplished, withdraws all of the 


wedge bars from their positions in the grooves at the 


small end of the cylinder, constituting a complete release 
of the friction device. 

The carriers, E, are arranged in pairs with interlocking 
outer ends (as shown in the plans of these 
order to prevent them from being put 
order. Each carrier contains 


carriers) in 
together in wrong 
two of the loose wedge bar 

and the slots in the carriers in which the lugs of 
the wedge bars engage are of different lengths. In 
a set of two bars the first lug fits the slot, the 
second has */j,-in, play, the third %-in. play, and 
the fourth 3/,,-in. play, as indicated. This is also 
clearly shown in the four sections of the wedges 
and carriers fitted together. It will thus be clear 
that under the influence of the spring K the top 
one of these wedge bars will be released first, and 
the others in succession as the space in the slots 
is taken up. Four bars are 


represented by each 
section; when those 


at the top are released the 
spring K releases four more, represented by the 
next section below, and so on. Since there are 
eight carriers in all, or four sets of two each, it is 
only necessary for the spring K to release the 
wedge bars four at a time until all are free. 

The operation of buffing is 
that of pulling, in that 
moved towards each other, but the load comes 
first upon the outer follower in this case. The 
application of the spring and friction resistances 
and the manner of fractional release are the same 
for pulling and buffing. 


exactly similar to 
the follower plates are 


Numerous tests have been made by rail- 
way companies adopting this device, and 
show uniformly satisfactory results in work 
accomplished and in low 
nance. The most 
however, are those 


cost for mainte 
significant results, 
obtained in regu- 


Cross Section. 


| 
4 
3 (YQ yore 
=) 
— 
/G 
Details of Carriers ‘“E.” E | 
ay 
G WE 
G F G | 
| 


162 


ENGINEERING NEWS. 


Vol. XLVIII. 


lar service, and these indicate the value of 
the friction gear in absorbing the force of heavy 
shocks, thus not only preventing the parting of 
trains, but relieving the draft rigging and car 
framing from the racking and destructive effects 
of these shocks. Up to the present time the 
Westinghouse Air Brake Co., of Pittsburg, Pa., 
has applied the friction draft gear to about 41,000 
freight cars and 1,400 engines. 
THE BASE LINE MEASUREMENTS FOR THE 98TH 
MERIDIAN TRIANGULATION. 
_ By John F. Hayford.* 

The author has been led to prepare the following 
article for the perusal of engineers by the feel- 
ing that it would be of especial interest to them 
as a record of the most rapid and economical 
measurement of bases of a primary degree of ac- 
curacy that has yet been made. For the line 
measures required by the engineer, usually of a 
lower degree of accuracy than those here de- 
scribed, it is believed that much simpler and 
quicker methods will be secured by dropping out 
some of the refinements of the primary methods 
rather than by elaborating the methods of the 
land surveyor or the city surveyor. Cases to il- 
lustrate this point might be cited from recent 
engineering literature. To the student of the 
progress of science and engineering this cam- 
paign of primary base measures will be interest- 
ing because it was planned and carried out in the 
spirit of the engineer rather than of the scientist, 
whereas in the past the reverse has been true as 
a rule. The engineer accepts past experience as 
his working material, decides upon the results 
which it is desired to secure, and then selects such 
methods as will secure those results with the 
minimum expenditure of time and money. The 
scientist, accepting the same heritage as the en- 
gineer, is apt to select his plans with reference 
primarily to enlarging the domain of exact knowl- 
edge and with little regard to the energy required 
to do so. The season of primary base measures 
herein described was one of accomplishment 
rather than of experiment. 

Nine primary bases were measured during the 
latter half of 1900 by a party under Mr. A. L. 
Baldwin, of the Coast and Geodetic Survey, to 
whose zeal and ability the marked success of 
the season is mainly due. These bases are to 
serve the purpose of controlling the lengths on a 
portion of the 9Sth meridian triangulation which 
will, when completed, stretch from the Canadian 
border on the north, at the Dakota line, through 
North Dakota, South Dakota, Nebraska, Kansas, 
Oklahoma, Indian Territory and Texas to the Rio 
Grande. The Mexicans are at work on a triangu- 
lation which will be an extension carrying this 
southward to about latitude 17°, the point at 
which the 9Sth meridian intersects the Pacific 
coast. This triangulation, together with the trans- 
continental triangulation along the 39th parallel, 
each bisecting the country, will form the main 
framework or control for all surveys in the United 
States. Of the nine bases the Page Base at the 
north is in Nebraska, almost within sight of the 
Dakota line, and the Alice Base in Southern Texas 
is within 120 miles of the RioGrande. These bases, 
together with the Salina Base on the transcon- 
tinental triangulation, will control the lengths on 
1,100 miles of the 9Sth meridian triangulation 

Within the limit of this article it will be possi- 
ble only to set forth the principal features of the 
work, laying emphasis by selection on the most 
important, and to call attention to departures 
from past practice.t 

GENERAL PLAN OF THE WORK. 

The usual past practice in regard to primary 
base measures has been to measure one base at a 
time as the necessity for it was developed in the 
course of the triangulation. The measurement 
of the base, together with the necessary prepara- 
tion and standardization of apparatus before and 
after the measurement has frequently occupied a 
base party for a whole working season. It was 

*inspector of Geodetic Work, Coast and Geodetic Sur- 
vey, Washington, D. C. 

‘For a full account of these base measures, comprised in 
73 4to pages, see Appendix No. 3 of the Coast and Geodetic 
Survey Report for 1)1, entitled: ‘‘On the Measurement of 
Nin> Bases Along the Ninety-eighth Meridian.’’ This Ap- 


pendix may be obtained by applying to the Superintend- 
ent of the Coast and Geodetic Survey. 


decided at the outset that in the measurement of 
the bases along the YSth meridian the wholesale 
instead of the retail plan would be followed, the 
bases being measured in advance of the triangu- 
lation in part. Aside from the general advan- 
tages of the wholesale over the retail plan in all 
operations, it was confidently expected that the 
unusual] skill which would be acquired by a party 
making measurements of several bases in quick 
succession would help greatly in increasing the 
speed and reducing the cost of measurement. It 
was evident also that a considerable saving in 
cost, with no loss of accuragy, would be the re- 
sult of making but two standardizations serve for 
nine bases. 

An examination of the manner in which errors 
of length accumulate in a triangulation in passing 
from a base to a remote triangle side shows clear- 
ly that the most accurate part of the operation 
is the base measurement; that the accumulation 
of error is most rapid in passing from the base 
to the border lines of the base net, since poor geo- 
metric conditions are necessarily encountered in 
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Fig. 1. Sketch Map Showing Location of Base 
Lines Measured During 1900 for the 98th Me- 
ridian Triangulation. 


the expansion from the base; and tha’ the errors 
of length accumulate more slowly in the chain of 
triangles between base nets than in the base nets, 
but that even here the errors are large in com- 
parison with those involved in the base measures. 
It is evident, supposing the accuracy of the 
angle measures to remain unchanged, that the 
average accuracy of the lengths in a triangulation 
may be considerably increased by placing the 
bases at shorter intervals. On the other hand, it 
is evident that increasing the accuracy of the 
base measures will have but little effect on the 
average accuracy of the lengths. 

Along the 98th meridian the average interval 
between bases was therefore made short, a little 
more than 100 miles upon an average, in marked 
contrast to the average interval of over 250 miles 
on the transcontinental triangulation. 

The base being the strongest portion and the 
base net, or expansion from the base, being the 
weakest portion of the triangulation, it is evident 
that it is good engineering practice to strengthen 
the base net at the expense of the base. Accord- 


ingly the reconnoissance party selectin, 
bases was instructed to pay especia] a:: 
securing good geometric conditions jn 
nets, even at a sacrifice of accuracy jin : 
and was informed that the accuracy o; 
measures could be kept up to the requir 
ard on any grade not exceeding 5%, and 
row, deep ravines or valleys should 1.) 
sidered obstructions to the base measur: 
these instructions the tendency was th: 
secure rough bases in good base nets. 

As the sole function of measured ba 
control the lengths in the triangulation, ¢ 
of any proposed increase in accuracy in 
measures is to be determined from the 
in the average accuracy of the lines of 1} 
gulation thereby produced. 

A study of the results of previous trian. 
in many localities shows that the errors 
the angle measures are always much lare 
the errors of the base measurement, eve: 
immediate vicinity of the base. It was 
that very little increase in the average a. 
of the lengths of the lines of the 98th rm 
triangulation would result from increas’: 
accuracy of the base measurement bey»: 
represented by a probable error of one 
500,000, even to the extent of making th. | 
measurement absolutely perfect. To try in 
crease the average accuracy by reducing : 
rors of the base measurement beyond th: 
indicated would be about as effective as 
to decrease the elongation of a chain wu: 
given tension by increasing the size of 
links which were already from two to ten ii: 
as large as the smallest links. The orders unde; 
which the base party operated stated the limits 
of accuracy on each part of the work necessary to 
keep within the degree of accuracy indicated by 
a probable error of one part in 500,000. The party 
was then ordered to strive to keep as far withir 
these limits as possible by the use of good judg 
ment and skill, but was ordered to restrict th 
time and money expended upon each operation 
substantially to that required to keep barely 
within ‘these limits. Experimenting to secure a 
higher degree of accuracy was then positively 
prohibited. The party was encouraged to nexlect 
precautions known to be unessential to the «: 
gree of accuracy sought. 

ORGANIZATION OF THE PARTY AND THE 
BASES MEASURED. 

The base party of eleven persons, three ex} 

rienced and two inexperienced officers of the regu 


lar staff of the Survey, one recorder and five la- 
borers, reached Shelton, Neb., on July 16, 1900 
no preparation whatever having been made at 
that point in advance, the party equipment being 
still at the railway station. During the next 51 
days the party built a field comparator, standard- 
ized all the apparatus upon it, measured the She'!- 
ton Base, 7.9 kilometers (4.9 miles) long, and trav- 
eled to the next base at Page, Neb. The party 
was then reduced to ten persons, and was con- 
tinued throughout the season at that size, ex- 
cept that occasionally extra laborers were hired 
for a short time. On Jan. 18, 1901, the departure 
of the party from the last base began. In six 
months a working party of ten had standardiz:'! 
all the base apparatus twice, had measured nin 
bases, having an aggregate length of 69 kilo 
meters (43 miles), and had incidentally trave! 
and transported their complete equipment i: 
than 1,600 miles by rail. Deducting the tin 
spent in traveling, the average stay at each bis: 
was less than 16 days, not excluding Sundays an‘! 
holidays. 

Fig. 1 shows the location of the bases and |! 
railways used by the party in transit. The o1 


Probable D at 


error 0 

Probable as pro- art 

Name of base and Length, error, portional 0 
state. m. mm. art. par 
Shelton, Neb...... 7,854.72 + 9.0 July 
Page, Neb ........ 8,250.99 + 5.6 "/razs00 Aus 
Anthony, Kan. .... 6,034.70 4.8 
Reno. Okla. 2,886.68 9.7 
Bowie, Tex. ........ 8196.04 5.0 Oct 
3tephenville, Tex . 6,255.08 6.0 ‘/ros2000 Nov 
Lampasas, Tex . 5,961.13 + 4.1 NOV 
Alice, Tex. ....... 971.69 10.1 Dec 
Seguin, Tex. ...... 6,794.61 + 5.1 Der 
Beginning of departure from Seguin Base, Jan. 18, | 


The average probable error of thesaine bases is | © 
in 1,200,000. 
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¢ measure of the bases, as well as other infor- 
tion, is shown in the table at the bottom of 
> preceding page. 
The total cost to the Government of measuring 
ese nine bases, including the standardization 
f apparatus and including all freight and trans- 
wrtation beginning and ending with Washington, 
1) new equipment purchased, pay of both men 
nd officers, the office computation and the prep- 
ration of the report for the printer, was $11,075, 
|.280 per base, or $160 per kilometer ($260 per 
le). In comparing these with other statements 
the cost of base measurement care should be 
ken to ascertain whether the contrasted state- 
ent includes all the items here enumerated. 
{EASURING APPARATUS AND METHODS OF 
WORK. 
In so far as the writer is aware there is no ex- 
otion to the rule that whenever a base has been 
~asured with two different types of apparatus, 
iscrepancies between the measures have devel- 
ped which were too large to be consistent with 
e degree of accuracy which was supposed to be 
ttainable with each apparatus. All of the evi- 
nee available indicates that each type of ap- 
aratus, and possibly each particular apparatus 
ven of one type, should be suspected of being 
subject to an error peculiar to itself. In planning 
he base measures of 1900 it was determined at 
‘he outset that five sets of apparatus of two dif- 
ferent types, namely, four steel tapes and a bar 
ipparatus, should be used. Unless the error pe- 
uliar to each of these sets of apparatus happens 
to be of the same sign, which is unlikely, it is 
obvious that there will be a partial elimination of 


rors in temperature to be feared are dependent 
upon whether the apparatus is in sunlight, shade 
or darkness; subjected to rapidly rising, falling 
or stationary temperatures; whether exposed to 
wind or fully sheltered from it; whether it is in- 
side a building, shed or yard, or fully exposed in 
open fields. Accordingly the base party was re- 
quired to standardize the base apparatus in the 
field under conditions approaching as closely as 
possible in every respect to those encountered dur- 
ing the base measurement proper. As the stand- 
ardizing was to be done on the first and last 
bases, and as it was expected that all the ap- 
paratus would be in use and subject to the vicis- 
situdes of transportation and camp life for several 
intervening months, it was desirable to obtain 
some check on the constancy of length of each ap- 
paratus. This check was furnished in the form 
of the intercomparison of the lengths of the five 
sets of apparatus resulting from the measurement 
of the test kilometer on each base 

The iced bar used, Fig. 2, in standardizing the 
base apparatus was designed by Prof. R. S. Wood- 
ward, and first used by him on the Holton Base. 
It is a steel bar 5 m. long, carrying a micro- 
scopic graduation on platinum plugs set in its 
neutral axis, supported in a Y-shaped iron trough 
in such a manner as to be kept straight both 
horizontally and vertically while it is almost sur 
rounded by melting ice and in contact with it. 
There is no appreciable uncertainty as tu the 
temperature of the bar under these circumstances. 
All experiments made with it indicate that within 
a few seconds after the ice is placed upon the bar 
it reaches a constant temperature which is inde- 


FIG. 2. VIEW SHOWING MANNER OF USING ICED BARS IN 
; MEASURING A BASE LINE. 


their individual errors on each base. Two of the 
steel tapes were 100 meters long and two 50 me- 
ters long. The bar apparatus was that known as 
the Eimbeck Duplex Bar apparatus, the same that 
was used on the Salt Lake Base in Utah in 1896. 
The instructions to the base party required that 
all five sets of apparatus should be used on each 
base; that one kilometer of each base, to be known 
as the test kilometer, should be measured with all 
five sets; that the remaining sections of the bases 
should each be measured twice; and that upon 
an average one-fifth of these remaining measures 
should be made with each apparatus. 

A study of past base measures furnished 
abundant evidence that one frequent source of 
constant errors peculiar to a given apparatus 
has been the usual practice of standardizing, or 
determining the length of, the apparatus under 
one set of conditions, and then using it in the 
field under a different set of conditions. The most 
serious errors are appareatly those due to er- 
roneous determinations of the temperature of the 
measuring bar or tape. To obtain the length of 
a steel bar or tape within one-part in a million it 
is necessary to determine its temperature within 
less than one-tenth of a degree centigrade. In 
general the temperature of the measuring bar or 
tape cannot be ascertained with certainty within 
this degree of accuracy by any of the methods or- 
dinarily used, namely, by mercurial thermometers 
near to or in contact with a steel tape at night, 
mereurial thermometers near to or in contact 
with a measuring bar, or by the difference of ex- 
pansion of two tapes or two bars placed side by 
side and assumed to have the same temperature. 
There is abundant reason to believe that the er- 
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pendent of external thermal conditions. The 
length of this bar had been previously deter- 
mined at the Coast and Geodetic Survey Office by 
direct comparison with the National Prototype 
Meter No. 21, which is in turn a duplicate of, and 
has been compared directly with, the International 
Meter, preserved at the International Bureau of 
Weights and Measures near Paris. 

Each of the two field comparators consisted es- 
sentially of two stable stone monuments, each car- 
rying a spherical-headed bolt which served to 
limit the distance of approximately 100 meters 
which was to be accurately determined; a row of 
6 x 6-in. posts set slightly to one side of the line 
at 5-m. intervals to be used as microscope sup- 
ports; and a line of posts to serve as track sup- 
ports set on the line, but midway between the 
microscope posts. The apparatus brought from 
Washington for the comparators consisted of 
three sections of portable track used to support 
the iced bar, five micrometer microscopes with 
their mountings, and the iced bar and its appur- 
tenances. In measuring the distance between the 
centers of the spherical-headed bolts the initial 
bolt was ‘irst referred to an optical line held by 
the first microscope directly over it and nearly 
above it by the use of a piece of apparatus known 
az a cut-off cylinder. The measuring then pro- 
ceeded from one end of the comparator to the 
other by steps of five meters, the micrometer mi- 
croscope readings upon the opposite ends of the 
iced bar in any given position being taken simul- 
taneously by two observers. The measurement 
was then referred from the last microscope down 
to the bolt by the use of a cut-off cylinder. The 
only systematic error of which there is any trace 


in the results is that due apparently to a change 
in the relative temperature -of the two sides of 
the microscope mounting when an umbrella is 
placed over it after it has been exposed to the 
sunshine. This error is small and reverses its 
sign but not its magnitude when the direction 
of progress of the measurement is reversed. To 
eliminate it each measure was always followed 
immediately by another in the reverse direction 
and the mean of the two was considered as form- 
ing one measure. The range of five such double 
measures made on the Shelton comparator at the 
beginning of the season was 0.14 mm., or one part 
in 700,000, and the corresponding range of thre+ 
measures on the Seguin comparator at the end of 
the season was 0.22 mm., in each case showing a 
much higher grade of accuracy than was abso 
lutely required. 

The length of each of the five sets of apparatus 
was determined by measuring the 100-m. com 
parator interval with it under conditions as nearly 
as possible like those encountered in the regula; 
base measures, including the method of support 
and manipulation of the apparatus, and including 
in the case of the tapes even the use of the same 
spring balance to determine the tension. For the 
purpose of imitating the base conditions as nearly 
as possible each comparator was built in the open 
air with no protection whatever from the sun 
and wind, each being located in an open pasture 
No difficulty was encountered in securing super 
abundant accuracy in the standardization, the 
probable error of length of each piece of apparatus 
being easily brought below one part in a million 
No conclusive evidence was found that any ap- 


FIG. 3. VIEW SHOWING MANNER OF USING DUPLEX BARS IN 
MEASURING A BASE LINE. 


paratus had changed its length during the season. 

Each unit of the duplex base apparatus con- 
sists of two 5-m. measuring bars of steel and 
brass, respectively, mounted near each other and 
side by side within the same double tubular brass 
case. Three thermometers are so placed as to 
have their bulbs at the same height as the bars 
and midway between them. The bars are used 
as contact measures on tripods, or so-called tres- 
tles, as indicated in Fig. 3, a photograph taken 
at the moment when approximate contact was 
being made between the front and rear bar, the 
front bar being aligned by the use of a small 
telescope mounted on its forward end, and a pair 
of tripods were being placed in position ahead of 
the front bar. The two bars within each case are 
so mounted that the two measurements with steel 
and with brass proceed almost independently, the 
steel of the front unit being brought into contact 
with the steel of the rear unit at each movement, 
and the brass with brass. 

The effect of the unequal coefficients of expan- 
sion of the two metals is to make the brass, with 
the greater coefficient, gradually get ahead of 
the steel if the measurement is made at high tem- 
perature, or to gradually fall back if the tempera- 
ture is low. This gain or loss is allowed to ac- 
cumulate, or, strictly speaking, its accumulated 
value is measured, for a whole section of the base, 
500 to 1,000 meters, and is an accurate measure 
of the mean’temperature of the two bars upon 
the assumption that the mean temperatures of the 
two bars are the same. The mean temperature 
of either bar may also be assumed to be that 
shown by the mercurial thermometers placed 
between them. Thus there is obtained for a single 
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passage of the bars over a section of the base 
three values of the length of that section which 
may be called brass, steel and duplex, respective- 
ly. The bi-metallic principle of combination of 
two bars with different coefficients of expansion, 
for the purpose either of determining the temper- 
ature or eliminating its effect, is not new. It has 
been in use for many decades. The combination 
of the bi-metallic and the thermometric method 
of determining the temperature in a single ap- 
paratus, and the simultaneous use of the two 
methods, is a new departure, however, in so far 
as the writer is aware, dating from the first use 
of the duplex apparatus in 1896. This apparatus 
furnishes an unusually fine opportunity to study 
temperature errors, since it can be shown that it 
is impossible for the three simultaneous measures 
to agree exactly unless the true temperature is 
exactly determined. An examination of the re- 
sults at the close of the season brought out certain 
peculiar relations between the three simultaneous 
measures with this apparatus, which can only be 
accounted for upon the supposition that the prin- 
cipal errors of measures were due to erroneous de- 
terminations of temperature. Thus one more link 
was added to the long chain of evidence that tem- 
perature errors are more serious than those of any 
other class in base measurement. All the errors, 
including these temperature errors, were, how- 
ever, well within the desired limit of accuracy. As 
no conclusive evidence was found as to which one 
of the three results was most affected by these 
temperature errors it was necessary to take a 
mean of the three for each section. The rela- 
tive weights given to the three results were de- 
rived from the agreement on forward and 
back measures of each section of each result with 
the corresponding one of its kind, namely, brass 
with brass, steel with steel, and duplex with du- 
plex. The proper relative weights were found to 
be for the duplex 10, steel 5, brass 2. On 22 sec- 
tions, with an average length of 543 m., the great- 
est disagreement between the forward and back- 
ward measure was for the duplex 4.2 mm., steel 9 
mm., brass 12.1 mm., and in each case about two- 
thirds of the measures agreed within 2 mm., cor- 
responding to one part in 270,000. 

It is interesting to:note that whereas the duplex 
base apparatus was used by its designer on the 
Salt Lake Base under a movable tent which pro- 
tected it completely at all times from the direct 
rays of the sun, it was used during this season 
fully exposed, its only protection being the tight- 
fitting canvas jacket which had always been upon 
it. A considerable saving in time and cost was 
thus made and the reduction in accuracy proved 
to be slight. 

The average speed of measurement with the 
duplex bars on the last base was nearly double 
that on the first base. The average speed for the 
whole season was 53 bars per hour, and the best 
record made was 100 bars ‘n 60 successive min- 
utes, or one-half kilometer per hour. On the one 
base previously measured with this apparatus the 
ordinary speed was 40 bars per hour and the max- 
imum speed 70 bars per hour. 

The 50-m. and 100-m. steel tapes were about 6 
mm. wide and 4% mm. thick (14-in. and 1-50-in.). 
They were used under a tension of 15 kgs. (33 
lbs.), and were supported at intervals of 25 m. 
The tension was applied with an ordinary spring 
balance mounted on a lever. The rear end of the 
tape was held with a light crowbar. The tem- 
perature of the tape m each of its positions was 
determined by two mercurial thermometers tied 
with their metal backs against the tape about one 
meter from each end of the tape within easy reach 
of the observer. This is a more convenient method 
of manipulating the thermometers than to use 
them to determine the air temperature near the 
tape, and is also believed to give greater accu- 
racy. All tape measurements were made at night, 
Fig. 4. 

The preparation for tape measures consisted of 
clearing out the line to a sufficient extent to allow 
of convenient measurement, of setting marking 
stakes in proper alinement and height at the 
points where the tape ends are to come, and tack- 
ing on the copper strips upon which the exact po- 
sition of the tape graduations are to be recorded, 
and the placing of intermediate support stakes in 


proper alinement and with the supporting nails in 
their sides at the proper height. 

The working party for the 50-m. tapes was 
made up of one observer at each end, one recorder, 
one man to apply the tension with a spring bal- 
ance at the front end, and one to hold the tape 
in position at the rear, and at least one extra man 
to help in handling lamps and carrying the tape 
ahead. Two more extra men were used to good 
advantage when they were available. With the 
100-m. tapes at least three extra men were neces- 
sary and seven could be used to advantage. The 
complete measuring party was thus from six to 
eight with the 50-m. tapes and eight to twelve 
with the 100-m. tapes. 

There were 46 sections, each as a rule about 1 
kilometer long, of the nine bases which were each 
measured twice with the tapes. On 60% of these 
sections the difference between the two measures 
was not greater than 2.5 mm., or one part in 
400,000. The greatest difference was 9.6 mm., or 
a little less than one part in 100,000. 

The speed of measurement with the steel tapes 
at night showed a decided increase as the party 
gained in skill, especially with the 100-m. tapes. 
The average speed of measurement during the 
season with the 50-m. tapes was 1.8 kilometers 
(1.1 miles) per hour, and the maximum speed 
during any one night was 2.1 kilometers (1.3 
mies) per hour. The average speed for the sea- 
son with the 100-m. tapes was 2.1 kilometers (1.3 
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Fig. 4. View Showlng Rear End Arrangement of 
Tapes in Determining Their Length by the Shel- 
ton 100-M. Comparator. 


miles) per hour, and the maximum average speed 
for a night was 2.7 kilometers (1.7 miles) per 
hour, on the Lampasas Base on November 27th, 
when four kilometers were measured in but little 
more than 1% hours. Under ordinary conditions 
with either tape more than one-third of the time 
of the party was spent in walking forward with 
the tape, and during the most rapid measures 
more than one-half the time was so spent. The 
figures here given represent the speed of measure- 
ment after all preparations have been made. The 
setting of the stakes is the slow and costly part of 
tape measurement, occupying from two to six 
hours per kilometer for a party of four or five per- 
sons. When this preparation is included it is still 
found that the tape measurement is very much 
more rapid than the bar measurement, the aver- 
age for the season being 7.1 days of work for one 
man to make a double tape measurement of a kil- 
ometer as against 19.5 days for the bar apparatus, 
or in other words, the tape measure is 2% times as 
rapid as the bar measurement. In making this 
comparison the work which is necessary with 
either type of apparatus, namely, traveling be- 
tween bases, pitching camp, clearing out the line 
of the base, putting up and alining a few range 
poles, ete., has been neglected. Although the two 
kinds of measurement differ so much in rapidity 
and cost the accuracy of the results secured with 
the two types of apparatus is about the same. 
The experience of this party indicates that here- 
after it is desirable to use 50-m. rather than 100- 


m. tapes. The degrees of accura: y 
with the two lengths of tape are almos: 
the slight difference being in favor of 
length. The time required for setting 
about the same for the two. The fa, 
rate of measurement proper is about °() 
with the 100-m. than with the 50-: 
much more than offset by the fact tha: 
mum number of men required to op 
100-m. tape is eight, while six can op. 
50-m. tape. 

The use of both the tapes and th: 
grades which had previous to this sea 
supposed to be unsafe was not found 
duce any unusual errors. No grading 
on any of the bases. The intermediate 
of the tape were freely set above the gra 
marking stakes at the ends whenever a n 
venient height of stake would be so obt: 
grading avoided. Both theory and prac 
cate that this procedure does not lower th 
of accuracy appreciably, provided, of cou: 
the height of every tape support is det: 

The intermediate supports must not, how 
set below the grade of the marking stakes 
short grades of over 5% occurred dur 
measurement, and the maximum grade of : 
son was 3.15 ms. on a span of 25 ms., or 

In view of the past experience in base n 
it was no surprise to find evidence of 
errors peculiar to each apparatus in 
son’s work, even though special precauti: 
been taken against such errors. On the nj 
kilometers, each measured with every apy 
the measures made with the bars alone we; 
an average one part in 175,000 shorter t) 
mean of all, and those with one of the 16) 
tapes were On an average one part in 3s) 1» 
longer than the mean of all. The results f; 
other three sets of apparatus fall close : 
mean on an average. As each base depended up.) 
the five sets of apparatus in about equal dio: 
it is believed that the remaining error in th. 
length of each base must be very sma!! 
sumably smaller than on the typical bas: 
past on which but one apparatus was used, and 
which no conclusive evidence of the magni! 
the constant errors is available, 

The average probable error of one part in 1.\) 
000 for the nine bases is computed from resid 
which include the effects of the errors peculia 
each apparatus, whereas the probable erro: 
ally given with a base length depends si) 
upon the power of the given apparatus to repro 
duce its own measurements. This fact should }b: 
borne in mind when judging of the accuracy o! 
the measurements during the season of 19K) 


TESTS OF VARIOUS PAINTS ON THE 155TH ST. \IA- 
DUCT, NEW YORK CITY. 


In September, 1897, the viaduct carrying 155t) 
St. over the station tracks of the Manhattan !lle- 
vated R. R., in New York city, was painted with 
a number of paints of different composition and 
manufacture, with a view of determining thei: 
comparative protective qualities and durability 
when applied to metal subjected to the action 
of locomotive gases. The portion of the viaduct 
which was painted crosses three tracks and two 
station platforms, and consists of 17 lattice ¢ rd 
ers spaced 9 to 10 ft. apart and having a ul 
height of about 13 ft. above the rails. The lattic 
girders carry floor beams, to which were riveted 
trough floor sections, carrying the roadway. !’r 
vious to applying the paint the metal work was 
thoroughly cleaned by a sand blast, and 
priming coat was put on immediately after c 
ing. The method of cleaning the metal work \\as 
described in Engineering News of Sept. 23, )»\'7 
On April 12, 1898, Mr. Henry B. Seaman, M 
Soc. C. E., examined the structure to deter 
the manner in which the paints had withstoo 
test. The results of Mr. Seaman’s examin: 
were published in Engineering News of Ju 7 
1898, and in the succeeding issues of July 2!) 1/1 
28 and Aug. 4 and 18 there were published 
ments and criticisms on these results by va’ ous 
persons. In December, 1901, Mr. Seaman ie 
a second examination of the paints and the rm s 
were reported in the New “Evening ! 
from which we reprint them as below. In « 
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wn it may be noted that the numerals which 
ede each paragraph refer to the position of 
ounting from the north side of the 


girder, ¢ 
ige. 
Lead, graphite, and lucol oil.—Buckle plates fairly 
i some not so good as others, all of them rusted, 
vever. South side of girders and braces badly rusted; 
than north side. Bottom worse than top on both 

er and lower girders. Braces badly rusted. Rust is 
~+y. Where rust appears, paint seems to be rotten. 
me I-beams in fairly good condition; others very badly 
ed. Under flange over east track badly rusted. West- 
half about same condition as eastern half of girder. 
t non-elastic. 

Graphite and linseed oil.—Does not look or have 
ture of graphite paint. Does not polish when 
ed. North side of upper girder, upper flanges badly 
ted. under flanges not so much. Rust very active 
ere it appears. Buckle plates very bad and very rusted. 
bh porth and south side the same. On the eastern half 
rust is very active and deep, coming off in big scales. 
kle-plate bolt holes north of eastern half leaking. 
| water pipe comes through, and water spreads on 
kle plates and I-beams. Top flange of upper girder 
and paint rotten. Under flange of lower girder over 
ern track very bad. 

Red lead, antoxide F, antoxide D.—Entirely per- 
ed Red lead on this girder has not protected thé 
il. Rust too bad to classify. Under flange of lower 
ler over eastern track completely rusted. 

}) Graphite.—Looks like stove polish. Rust similar 

sirder No. 1. Upper flanges badly rusted, especially 

ces and rivet heads. When this paint comes off it comes 
badly—very crumbly. Entire lower side of I-beam 
has no paint on at all. Under flange over eastern track 
ily rusted, large cake having recently dropped off. 
ickle plates both east and west badly rusted. 

5) Nobrac.—Elasticity of paint best of all, rolling up 

to strings under points of spatula. Buckle plates badly 

ted, upper flange of girder also rusted. Buckle plates, 
where intact, are in excellent condition. Elastic cement 
between plates in good condition, and has protected the 
etal thoroughly. Rivet heads show some rust. Bolt 
holes of buckle plates constantly leaking. Good deal of 
paint, also good deal of rust, on buckle plates. Under 
flange of lower girder over eastern track is in very good 
ondition, but shows some rust. 

(6) Carbon black.—Elasticity good. Buckle plates have 

s rust than girder from No. 1 to No. 5, inclusive. 
Upper flanges, cross and vertical braces badly rusted. 
Rivet heads badly and deeply rusted. Rust crumbles 
readily under the fingers. On eastern half a peculiar 
ondition is found, as one buckle plate is badly rusted, 
while the adjacent one is in good condition. Under flange 
of lower girder over eastern track somewhat rusted.- 


(7) Durable metal coating.—Slightly elastic. Breaks 
under spatula. Where there is rust it is deep. Buckle 
plates, I-beams, and plates corroded. Paint is 
pimply. Upon scraping where apparently good, rust is 
found beneath, indicating a varnish formation under which 
rust travels. Under flange lower girder over eastern track 
very bad. 

(S) Black manganese iron.—Perished. Detailed inspec- 
tion not possible. 

(9) Carbonized coating.—Has elasticity, but not so much 
as either No. 5 or No. 6. More hard than elastic, but 
apparently has clung well. Buckle plates, upper flanges, 
and braces show smaller per cent. of rust than any of the 
others from No. 1 to No. 8. Where rust does appear, it 
is of the active sort. On the eastern half over the track. 
buckle plates, girders, braces, etc., are very badly rusted. 
Under flange of lower girder on this side very bad. 

(10) Mineral rubber.—Has no life. Rusted badly, deep 
ind rotten over entire girder, braces, and plates. Over 
eastern track very bad. 

(11) Graphite.—Graphite like stove polish. Entire girder, 
buckle plates, etc., badly rusted. Over eastern tracks bad. 

(12) Carbon.—Elasticity excellent. Buckle plates, flanges 
show some rust, but in better condition than any of 
the others, except under flange directly over eastern track, 
where it is somewhat rusted. 

(13) Graphite.—Rust spreads over the entire surface. 
t active under the paint that shows. Over eastern 
ck bad. 

14) Graphite.—Buckle plates, braces, girder badly rust- 

et on western side. On eastern half better condition ap- 
rently, but rust is active under the paint. Surface of 
tern half looks better than any other eastern half ex- 
ept that of No. 12. Lower flange over track freely rusted 

15) Asphalt.—Very dry; no life; breaks easily under 
patula. Very badly rusted. Rust very rotten and deep 
‘orse On upper flanges and I-beams. Directly over east- 

1 track very bad. 

16) Rubberine.—Apparently like coal tar. Seems to be 
igh, but has no resisting power. Rust rotten. Very 
mply. Very active. Over eastern track it is very bad. 
(17) Black Diamond.—Not so elastic as other carbons. 
‘is girder is in worse condition on north or inside than 
-outh or outside. Buckle plate badly rusted, also north 
’ of girder. South side pitted. Over eastern track 
y bad. Two connecting water pipes in structure at 


this point are in extremely bad condition, owing to action 
of water. 


Mr. Seaman summarizes the results of his stud- 
ies as follows: 


The carbon and graphite paints have lasted altogether 
better than any of the other kinds that were applied on 
the viaduct, the carbon paints being rather better than the 
graphite. In my opinion, carbon paint is the best material 
to withstand the sulphurous fumes of locomotive gases 


traverses the curved internal passages between the vanes, 
and is discharged tangentially at the periphery into a 
stationary guide ring of special construction This ring 
is concentric with the revolving vanes, ar 
water to an annular chamber in the body of the pump, 
where the velocity head imparted to the water by th 
wheel is converted into pressure head. The turbine con 
sists of a brass wheel 13% ins. diameter surrounded by a 
supply chamber, from which the water is directed onto 
the wheel by movable guide-vanes which regulate the 
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FIG. 1. GENERAL ELEVATIONS OF PLANT FOR CIRCULATING CONDENSING WATER, 
NEWCASTLE ELECTRIC RY. POWER STATION. 


Red lead did not really have a fair test. It was used on 
several of the girders, but it was not applied by a manu- 
facturer of red lead, but by the makers of other paints, 
who wished to use red lead in connection with their own 
It might have given better results if it had been tried on 
its own merits. It forms a sort of cement which makes it 
effective for resisting moisture, as on ship bottoms, but it 
does not withstand the gases from coal so well. Asphalt 
and the compounds of rubber have lasted very poorly. 


A PUMPING PLANT FOR RAISING CONDENSING WATER 
TO AN ELECTRIC POWER STATION.* 
By Charles Hopkinson.+ 
The condensation of steam in the large quantities re 
quired in electric power statio:s is often a difficulty in 
those cases where a central site is selected. Even if 
economy does not demand condensation, nublie policy 


does. The discharge of aqueous vapor in large quan- 
tities is intrinsically and legally a nuisar.« This ob- 
jection bas caused trouble to users of cooling towers, 


and was the reason for abandoning a cooling tower 
scheme as part of the Newcastle tramway power plant. 

As an alternative, it was decided to pump from the 
River Tyne, distant some 500 yds. horizontally and 86 ft. 
vertically from the engine house, and to utilize the 
energy of the water flowing back to the river. The first 
idea was to use reciprocating pumps and water pressure 
motors directly connected, the loss in the system being 
replaced by motors supplied with electric energy from 
the power house. The usual course of advertisement and 
specification failed to elicit any suitable offer of recipro- 
cating plant from contractors, and the centrifugal pump 
and turbine arrangement offered by Messrs. Mather & 
Platt was adopted, and the author believes that the ar- 
rangement may be found interesting in itself and possibly 
useful as a precedent. 

The system is designed to supply at present 75,000 
gallons per hour, and to be conveniently capable of ex- 
pansion to supply from 150,000 to 200,000 gallons per 
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Gallons delivered per minute 


Fig 3. Tests at Con- 
stant Delivery of About stant Speed of About 
1,250 gallons per min. 700 R. P. M. 

Figs. 2 and 3. Diagrams Showing Results of Tests 
of High-Lift Centrifugal Pump Driven by Direct- 
Connected Electric Motor. 

(Head includes a suction of about 15.9 ft.) 


Revs. per minute 
Fig. 2. Tests at Con- 


hour, as developments may require. The general arrange- 
ments are shown in Fig. 1. 

The plant consists of three Mather & Platt single- 
chamber high-lift centrifugal pumps, driven by shunt 
wound motors and assisted by Gilkes’ ‘‘Vortex’’ turbines 
on an extension of the pump and armature spindle. In 
these pumps the water enters the revolving wheel (235% 
ins. diameter) axially, symmetrically on each side of the 
wheel, so that axial thrust is eliminated; the water then 

*A paper read before the Institution of Mechanical 
Engineers. 

7+Wernetts Chambers, 29 Princess St., Manchester, Eng. 


flow to the wheel. After traversing the vanes of th 
wheel towards the axis, the water is discharged sym 
metrically on each side of the wheel. It will thus be 
seen that the construction of pump and turbine is the 
converse each of the other 

The pipes have been put in of sufficient size to pass the 
ultimate supply with a moderate loss of head Two 15-in 


suction pipes are provided, each available for the service 
of either of two pumps. The pumps deliver into a main 
24 ins. bore rising to the power house, from which 
branches are taken to each surface condenser. The re 
turn water, collected in a similar main laid in th: are 
trench, has branches to each turbine and a by-pass dire 


to the tail pipe of the turbines 
It is evident that under varying conditions of head th 


efficiency and duty will be somewhat variable. Tests were 
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Fig. 4. Tests of Motor, Pump and Turbine Com- 
bined at Constant Delivery of About 1,250 gal- 
lons per min. 

(Average Head on Turbine is about 1 ft. less than Deliv 
ery Head on Pump, or about 0.3 ft.. dess than Head 
shown on Curve. Average Constant Suction on Pumy 

ft.) 


therefore made both with and without the auxiliary tur 
bines at the makers’ works, suction and delivery heads 
being obtained by throttling and the output measured 
over a notched weir. The accompanying tables and 
curves show the principal results. 

A comparison of Figs. 2 and 4 shows that the addition 
of the turbine reduces the power required in the ratio 
of 108 to 62—a saving of 42.6%—about half of the saving 
theoretically possible with perfectly reversible mechan 
ism. In estimating the efficiency of the whole combina- 
tion, it must be remembered that the loss of head in the 
pipes, and valves and condensers, is constant with a 
given flow, and that the head so lost is not available for 
the restoration of power in the turbine. 


THE KAZUSA SYSTEM OF ARTESIAN WELL-BORING IN 
JAPAN. 


A recent issue of the “Indian and Eastern En- 
gineer,” of Caicutta, describes the “Kazusa,’ or 
artesian well-boring methods as (practiced in 
Japan. By simple and cheap appliances the Jap- 
anese bore wells 960 ft. deep through earth 
and sand; and a Japanese syndicate lately put 
down a trial boring for oil 1,200 ft., half of it in 
hard rock. The Chinese use a similar method in 
the Province of Sze-chuan, in boring for oll; 
and some of these Chinese wells aregl,800 ft. deep 
and from 5 to 6 ins. diameter. 

The Japanese well-borer works under a con- 
tract stipulating—no water no cash; and his en- 
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tire plant costs about $100, and is for the greater 
part made by himself. His gang is composed of 
five men, including himself, and a boy to run er- 
rands. The necessary scaffold is made of 6-in. 
round timbers lashed together with rice-straw 
ropes; and he puts this scaffold up in about one 
hour. On it is then mounted a reel, with two 
sets of spokes made of 6 to 8 planks 14 ft. long, 
G ins. wide and about 1% ins. thick. In the cen- 
ter of each plank a hole is cut 1% ins. diameter, 
and through this hole is passed an iron shaft 44 
ft. long. The sides of the reel, at the center, are 
kept from coming together by running the shaft 
through a hollow bamboo; and the ends of the 
shaft rest on strong and firmly braced posts, and 
are held in place by a U-shaped iron driven over 
them. The outside ends of the planks are kept 
opposite to each other by pieces of wood, let in 
crosswise, each 3 ft. long, 3 ins. broad and 2 ins, 
thick; and to keep the planks spaced two bands of 
bamboo strips are passed around the reel and 
firmly lashed to the cross pieces. 

The first hole is dug, 8 to 12 ft. deep, by a nar- 
row spade, gouge-like in form, 6 ins. across, and 
provided with a long wooden handle. After this 
hole has been sunk, a long, hollow bamboo, not 
less than 4 ‘ns. inside diameter, is carefully in- 
serted in the hole and plumbed. About one foot 
of this cylinder projects from the ground, and 
around this another short tube or box, about 
18 ins. across, is placed. The boss-borer then sits 
on a stool opposite this box, facing the reel, and 
here issues all his orders, always keeping one 
hand on the bamboo boring-rod to keep in touch 
with the boring. 

The gang lifts the boring-rod from 12 to 18 ins. 
at a time and then let it fall; the weight of the 
tool and the connected rods usually do the work, 
though the boss sometimes gives it a strong down- 
ward push. The boy every now and then pours a 
few buckets of water down the hole as the boring 
proceeds; and in sandy soil this water is mixed 
thick with clay so as to line the hole made and 
keep it in better shape. For soft rock, clay or 
gravel the cutting or boring tool is an iron or steel 
chisel let into a shaft of hard wood, usually teak 
wood This shaft is about 12 ft. long and 24% 
ins. diameter; and it is coupled to the bamboo 
rod by a hook-shaped scarf with two iron rings 
driven over the ends. The cutting tool is simply 
a piece of iron or steel secured to the teak stick 
by two iron tongues held by two iron rings. 

The tool for removing the debris from the bore 
is a 3-in. iron tube about 8 ft. long; at the bot- 
tom is screwed on a short length of tube of 
greater diameter expanded to a bell-shape, and 
across this is fitted a steel chisel projecting slight- 
ly from the bell. This.chisel, or chopper, prevents 
the debris from forming balls, Immediately above 
the chisel is a valve opening upwards; and about 
> ft. up the tube is a square-cut hole, 3 ins. long 
by 1% ins. wide, to permit the air and water to 
escape and also to facilitate emptying. At the 
top of the tube is a bar of wood, riveted fast to the 
tube, and extending down to the opening men- 
tioned, and this bar is provided above with a 
searf for coupling to the bamboo rods. Any ex- 
cess of water in the hole is removed by a similar 
but lighter bailing tube. 

The bamboo rods are really strips of flexible 
bamboo, from 10 to 20 ft. long, 1% ins. wide and 
\, to \%-in. thick; they are joined by a simple but 
strong wedging scarf held by three iron rings, or 
bands. Such a bamboo cable is strong and supple. 
and is yet stiff enough to permit an effective 
downward stroke when the boss deems this neces- 
sary. To wind up this cable one of the men 
steps into the reel, and treads it around by step- 
ping from one cross piece to another, steadying 
himself by putting his hands on the side planks: 
every joint is carefully examined as it comes up 
and defective pieces are removed or repaired. 

When the water-bearing strata is tapped and 
the hole cleaned out, a series of bamboos are 
joined together into a pipe and lowered to the 
bottom; 30 years is considered an average life for 
this pipe. These bamboos are joined by se- 
lecting the sarhe size as nearly as possible; and 
then cutting the end of one length into four pro- 
jecting separate slips with inside projections on 
each slip; the second length has four holes cut 


in it corresponding to these projections. The sec- 
ond length is then inserted into the first; the pro- 
jections pressed into their slots, and a coarse, 
fibrous paper is wrapped around the joint and tied 
by stout strings made from palm tree fiber. Well 
made, this joint is stronger than the rest of the 
bamboo pipe. 

As the bamboo-cable will sometimes break, a 
sort of grapnel is used made of iron and having 
a strong iron ring sliding down over the sharp, 
barbed ends. This tool is fastened to the bamboo- 
cable; but before being inserted in the well the 
ends of the grapnel are brought somewhat close 
together by a string that is not too strong; and 
this same string ties the heavy ring up near the 
top. This is to prevent the ends of the grapnel 
from splaying out and catching in the sides in 
going down. Upon getting in touch with the 
broken bamboo the boss commences making gen- 
tle prods at it until he thinks it is well within 
the “graspers;” this action breaks the string and 
also permits the iron ring to descend and force the 
barbs into the bamboo. This is work requiring pa- 
tience, but the broken piece is almost always se- 
cured.. 

The writer of the article says that’one of these 
artesian wells, costing from $10 to $12, will water 
three acres of rice fields. A well 960 ft. deep 
through sand and clay, costs 400 yen, or say $250, 
and was sunk in four months. A 300-ft. well is 
usually put down in from one to two weeks. 


A GRAPHICAL METHOD OF COMPUTING SWING 
BRIDGES. 


At the meeting of the American Society of Civil 
Engineers on November 20, 1901, a paper entitled 
“A Graphical Method for the Solution of Stresses 
in the Continuous Girder, As Applied to Draw- 
Bridges,” was read by Mr. Geo. F. Barton. In dis- 
cussing this paper, Mr. C. H. Lindenberger gave 
a method of ‘graphically investigating swing 
bridges of equal arms and constant moment of 
inertia. This method, which is a deduction from 
the three-moment formula for concentrated loads, 
is quite short and simple, and may often be used 
with convenience. We therefore reprint jit in 
slightly modified form, from the ‘“‘Transactions of 
the American Society of Civil Engineers,’’ Vol. 48, 


p. 89: 


The following graphical method was devised by the 
writer over ten years ago, and described by him before the 
Franklin Institute. The original articles* dealt only with 
the most general case, and many parts are difficult to un- 
derstand on account of that fact. The present brief sum- 
mary is restricted to a girder resting on four supports, 
with equal end-arms and constant momeygt of inertia. It 
is a method of co.structing the actual equilibrium polygon 
for the actual loads, so that reactions, shears and moments 
can be at once scaled from the drawing. No quantity 
needs to be computed analytically; but well-known 
methods of computing certain factors graphically are 
omitted here, for obvious reasons. 

A bridge as specified is represented diagrammatically in 
Fig. 1, resting on the four supports S;, Se, Ss, and S,; its 
spans are l, rl and 1, respectively. The first step is to 
find two points which will be called the ‘fixed points,” 


Fig. 1. Method of Finding “Fixed Points;” A 
Graphical Method of Computing Swing Bridges. 


H and h in Fig. 1. The construction for finding them is 
hown in the figure. The distances 8, L, LE, LD, 
S.e, Sg and S,.1 are laid off as shown, by using the 


1 r 
quantities ae and —— Then, taking S, A and LC 


any convenient length, draw in succession the lines A C, 
BD, DC and AG, which gives the point H on the ver- 


*Published in the ‘Journal of the Franklin Institute,” 
November. 1889; January, 1891, and March, 1891. 


tical line Ga. Similarly, lay off Ha and | o 
ient lengths, and draw ac, bd, dc, and as 
tersection of the latter line with dc gives tt 
ath. The points H and h are the “fixed point 
It may be proved that 


a 


rl 
and 2+3r 
2q1 ) 


3r?+10r 4 
The further construction is shown in Fig. 2 
span carries loads P,, Ps, etc., as shown; k | j 
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Fig. 2. Determination of Equilibrium Polygo 


tance from any load to the end support S,. Draw the ( 
polygon A--4 for these loads, and with any pole \ 
struct the equilibrium polygon A—1'—2’—3’—4’—_p. 

the end arm S, S2 rested simply on its end support 

was disconnected from the remainder of the bridge 
compute S P (k — k*), either graphically or analyti 

as it will be convenient to use this value to a large: 

than that of the force polygon, the value found shou) 
multiplied by n, an arbitrary multiplier. If the px 
dicular from the point V to the line A—4 be called H 
find n H and lay it off as Sp W. The vertical through \\ 
tersects the line A B at G, and from G downward |a\ 
GK equal to the previously determined value of » | 
(k — k*). Draw K B, which intersects the vert 
through the ‘fixed point’ hh at Q. Then the straigh: 
line A Q F is the closing line of the true equilibrium poly 
gon for the continuous girder in question. The line A 
intersects the vertical through H at C, and by draw 
B D and DF the equilibrium polygon is completed. 

The reactions are found by drawing lines from the pol 
parallel to the sides of the new equilibrium polys: 
Thus IA = R,;; L4 = Rz; LM = Rg, and MI R, 
The shears and moments can now be scaled directly { 
the diagram. 

The proof for the construction may be found in the orig 
inal articles in the ‘“‘Journal of the Franklin Institut: 
already referred to. The method of treatment of a pivotal! 
bridge of equal arms will be evident from the foregoing 
as only one fixed point need be found. 


SIMPLE AND RAPID TESTS FOR CEMENT.* 


The engineer of a small city will seldom have time or 
outfit for the complete cement tests now usual on larg: 
works, for which there are needed a special man with an 
expensive equipment installed in a separate room, 

The following described simple tests can be made by 
the engineer himself, with an outfit costing not over $4, 
and which can be stored in a desk pigeonhole. The tests 
thus made will be interesting in themselves, and wil! be 
effective and convincing aids in rejecting most bad ce- 
ments which may be offered, and will also have the pre- 
ventive effect of causing manufacturers to send their 
lower grades of cement elsewhere and to send only their 
best products to the places where such tests are probable: 

(1) FOR FINENESS.—Sift three to four ounces of ce- 
ment through a standard test sieve of 100 meshes per 
linear inch. Reject cement of which 10% by weight is 
retained on the sieve. This is conservative, and thé 
limit may be made smaller, for many Portland cements 
are now in the market which will leave less than 4%. A 
test by 200-mesh sieve, with a 30% limit, is desirable, but 
takes time. 

(2) FOR QUICKNESS OF SETTING.—Make a pat of 4 
oz. of neat cement, adding one-quarter to one-fifth 
weight of water and making a putty-like ball which can 
be dropped on the table and retain its form without 
falling to pieces. Press this upon a 3 x 4-in. glass plate, 
leaving it %4-in. thick in the center and sloping to thi! 
edges all aroand. Note time required to take initia! 
set. Reject cement which sets in less than 25 minutes 
It may take three hours or more, but it will be bett« 
for paving if it sets in one hour. The instant of ‘‘initia 
set” is determined by noting when the surface will sup 
port a 4-oz. weight resting upon the smooth flat end o 
a 1/,9-in. diameter wire. 

(3) FOR SOUNDNESS.—Use the pat on glass above de 
scribed and note when it sets enough more to make 
difficult to indent it with the thumb nail, or when it w'! 


*From the new edition of ‘‘City Roads and Pavement» 
Suited to Cities of Moderate Size,’’ by William Pierso: 
Judson, M. Am. Soc. C. E. Reprinted by permission o- 
the author. 
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1 Ib. on the smooth flat end of 
I may be considered as indicating “‘a har mast 
en put the pat with its glass plate over boiling wa 
+l the steam has heated them, and then immerse an 
' in the boiling water for three hours. Reject 

if the pat shows radiating cracks in the 

~~ ‘or shows blow-holes on the surface, or curls - 

a the glass, or cracks at the thin edges. Good — 

ments may fail to endure this test (which is a sever 

e), and it my properly cause the rejection of some 

rtland cemet.ts which would endure it after being 
r-slacked” or “seasoned.”’ 

1) FOR PURITY.—Provide a glass-stoppered bottle of 
viatie acid, two shallow white bowls or two %-in. x 
“4 test tubes, a glass rod and a pair of rubber gloves. 
+ in a bowl or a tube as much cement as can be taken 

“4 nickel 5S-ct. piece; moisten it with half a teaspoon- 

i] of water; cover with clear muriatic acid poured 

whe upon the cement while stirring it with the 

lass rod. : 

Pure Portland cement will effervesce slightly, and will 

ve off some pungent gas and will gradually form a 

eht yellow jelly without any sediment. 

Powdered limestone or powdered cement-rock mixed 

th the pure cement will cause a violent effervescence, 

acid boiling and giving off strong fumes until all the 

_pbonate of lime has been consumed, when the bright 

jelly will form. 

Powdered sand or quartz or silica mixed with cement 

|| produce no other effect than to remain undissolved 

; a sediment at the bottom of the yellow jelly. 

Reject cement which has either of these adulterants. 

Powdered slag mixed with cement unfits it for pave- 

vent work. The adulteration is indicated in the dry 

‘ment (when coloring matter does not conceal it) by a 

lac tint, and it is also indicated on the surface of a 
est-pat after drying by brown and green and yellow 
iiscolorations. 

A chemical test will show the presence of slag if made 
s follows: Provide an ounce of mixture of methylene 

Wide (C He Iy) and benzine, in which the methylene 
(the specific gravity of which is 3.2%, being the heaviest 
organic liquid) is reduced to the specific gravity of 2.® 
by addition of benzine. The methylene is uncommon 
and costs $1 an ounce. 

Into a %-in. test tube put %-in. of the dry suspected 
cement and pour in a little of the mixture, stirring to a 
thin grout. Then cork the tube and let it stand. If 
slag is present, it will remain at the top, while the ce- 
ment will settle to the bottom. The separation cannot 
be seen if coloring matter is present. 

Coloring matter in any cement will show itself in the 
acid test by giving a black or gray color to the resultant 
jelly, which would otherwise be yellow. The coloring 
matter may or may not be injurious in itself, but its 
presence shows that the manufacturer wished to disguise 
the cement, which should be rejected, because there are 
a plenty of good cements which need no disguise. 

WEIGHT.—The several kinds of cement differ materi- 
ally in weight, and any cement that varies much from 
these average weights should be examined specially. 

The standard barrel contains 3.65 cu. ft., and the 
standard bag is one-fourth of a barrel. The average 
weight of a cubie foot of packed cement is: Portland, 104 
to 114 Ibs.; puzzolan, 90 lbs.; natural, 75 to 82 lbs. for 
Eastern and 70 to 72 for Western, the average net 
weight of each per barrel being 375 lbs., 330 lbs., 300 
Ibs. and 265 Ibs. 

RESULTS.—These tests will be conclusive as far as 
they go, and will cause the rejection of no good cements. 
The makers of high-grade cements would not object to 
these requirements and would not increase the price 
because of them. 


COUPLINGS FOR SEWER CLEANING RODS. 
The amount of time that is often wasted in 
cleaning sewers and other conduits through lack 
of good tools is only too well known to many 


EnG News 
Couplings for Rods Used in Cleaning Sewers, 
Electric and Other Conduits. 
engineers and city officials. The accompanying 
illustration shows a new form of coupling for 
the rods so frequently used in this work. The 
view of the two parts and longitudinal sec- 


tion of the coupling need no explanation, but 
attention may be called to the quickness with 
which the coupling may be made and its rigidity 
after the junction is effected. The device as it 
now stands was invented or perfected by Mr. RB. 
R. Felton, M. Am. Soc. C. E.. of Boston, at one 
time city engineer of Brockton, Mass. The coup- 
lings are made from either malleable iron or 
brass. Harold L. Bond & Co., 140 Pearl St., Bos- 
ton, are agents for the device. 


COMMERCIAL SUCCESS IN LONG-DISTANCE ELECTRIC 
POWER TRANSMISSION * 


Theoretically, we could bring to San Francisco energy 
from Columbia, or even Niagara Falls; but this would not 
pay. By what equation shall we determine the permis- 
sible distance of source of power from business center? 
This is a most important and, as well, a most fascinating 
inquiry. It is easy to declare that kilowatts should cost 
the company only so much at the power house in order to 
cost the consumer so much at the place of delivery; itisa 
very different matter to figure out the individual factors 
in the equation. Look a moment at these factors. 

Thus the business field—how important that it should be 
described accurately in your figuring as so many thousand 
horse-power. How much power for motors and lighting 
does the field now consume, and how much more can it 
be tempted by lower rates and probable civic growth to 
absorb? It is easy for enthusiasm—the wish fathering the 
thought—to overestimate this item. But to underrate 
very much will prove fatal. 

Then the competition of coal, oil, gas, etc.—-are the par- 
ties dealing in these commodities able to reduce their 
rates to meet our attacks without self-annihilation? 
Moreover, what competition of enterprise like our own will 
the situation likely arouse? The more inviting it is to 
us, the more inviting it will be to others. Will other 
long-transmission giants, big and insolent as ourselves, 
strive to reach the narrow gateway to success first and 
to crowd us out and trample us down? Must we fight 
with our brethren for the heritage? 

Again, on what terms have we secured our capital, with 
what discount on our bonds, with what rates of interest, 
and with what fateful total of final principal some day 
to be paid in full? The cost of the plant is not the money 
paid out for labor and material, that is, the actual pay- 
ment, but the par value of our indebtedness incurred. 

Another factor of immense importance in our commer- 
cial equation is the depreciation of power house apparatus, 
pole lines, raising and lowering transformers and dis- 
tributing plant. The moment construction is finished 
many forces begin to destroy the result—chemical disin- 
tegration, oxydizing metals, vitiating the insulating quali- 
ties of rubber, etc.—biological assault of fungus, microbe 
and worm—fire, rain, flood, tempest, etc. All human 
construction responds to the same law, and only awaits 
its doom from the hour of its first beginnings. What 
percentage on our cost of plant must we annually count 
off for loss? The transformer has a very brief life, the 
generators now made, a very long one;, but sooner or 
later both will lie on the junk heap. Any financier or 
promoter who allows less than 5% on actual cost, for de- 
preciation, will have a future sorry awakening. It will 
average more than 5% annually, in all probability; and 
ascertainment of the exact percentage is quite essential 
to a reducible equation of any value. No doubt this fac- 
tor of depreciation is the most formidable and the most 
elusive. Few corporations are willing to invest a great 
sum of money and then calmly charge against themselves, 
on account of wear and tear 5 to 10% of the entire pay- 
ment; and few promoters will ever be heard alluding to 
so disagreeable an aspect of the financial problem. Both 
corporation and promoter say: ‘‘Oh, let the future look 
out for that.’’ And all will go well, while all is new; 
but when the flumes are found rotten, pipe lines bursting, 
insulation reduced to powder, transformers byrning by the 
score, poles falling and water wheels antiquated, a new 
issue of bonds will add to the burden of the manager and 
threaten future solvency. 

Two Irishmen tried to kill a rattlesnake, and one of 
them declared the creature dead, ‘‘The baste is dead in- 
toirely.’"” ‘‘But no, Mike,’’ protested the other, ‘‘sure and 
he moves.”’ ‘‘Be jabers,’’ insisted the first, ‘‘the baste is 
dead intoirely, only he is not conscious of it.’” There 
are some electric companies that are dead entirely, only 
they are not conscious of it; some fine morning they will 
wake up to this fact. 

The losses of energy by various resistances and counter 
strains in the different parts of the system are easily 
calculated and need only mention; they must be in the 
equation, but present no difficulty in calculation. 

The running expenses also can be figured with consid- 
erable exactness, in view of accumulating experience. 

The risk from labor troubles is not the least of the 
factors in our equation. Unless we can by close com- 
bination throttle this evil, we must figure largely on its 
bearing unfavorably upon success. 


*Extract from the Presidential address of Dr. Chas. W. 


Van Norden, before the Pacific Coast Electric Transmis- 


sion Association. 


Allied to this growing menace of organized labor is the 
seething of the communistic tendencies of the times Very 
many, jealous of capital, hostile to the ownership of fran 
chises by private parties and indulging in visionary ex 
pectations of socialistic action on the part of the people, 
favor the assumption by communities of all enterprises of 
a public nature. Foremost among the schemes urged is 
that of municipal ownership .,of public utilities. This we 
need not fear, not only because manifold experience is 
demonstrating the inefficiency, extravagance and corrup 
tion actually attending such experiments; but also be 
cause, if they should be very generally tried, they would 
not menace long-distance transmission, since municipali 
ties need our cheap power, whether they or we peddle it 
out to customers. 

For us a far more dangerous agitation is that which 
how proposes state expropriation of all water rights, reser 
voirs and reservoir sites, and all systems of distribution 
of water, in the interest of complete state control of irri 
gation and of the sale of power derived from water 
This scheme openly advocates condemnation of both wate 
properties and wheat ranches on a method of valuation 
which makes the appropriation little less than sheer con 
fiscation. Indeed this movement is simply an organiza 
tion of public robbery on a large scale, is characterized 
by all the insolence of the communistic spirit, and is the 
more dangerous because its involved perils to all owner- 
ship of private property is not perceived by its adherents, 
and all its fallacies have not been shown up by experience 
If successful this agitation will result in the confiscation 
of every long-transmission source of power. It does not, 
however, seem to be making very rapid progress: and 
whether, in a state where political life is so corrupt as in 
California, the people will tax themselves to raise mill 
ions to purchase old reservoir systems and to construct 
hew ones, placing enormous sums of money at the dis 
posal of their frail representatives, with danger of pecula- 
tion, inefficient expenditure and only remote benefits; and 
whether the ranchers to be thus encouraged will prefer 
to their present ‘‘water lords,"’ as we are called, their 
own county politicians, remains to be seen. For one, i 
doubt it; but the agitation is being vigorously pushed in 
the name of progress. We need to exercise vigilance and 


‘to be prepared to combine our forces for Boer-like tenac- 


ity of defense. 

Leaving the commercial aspect of our work, we can 
profitably spend some of our time upon legal obligations 
How can we best provide against the possible assessing 
of damages for accidental personal injuries by proper 
warnings, how defeat the meddling of the fool and the 
malice of the knave, how prevent the stealing of current, 
the abuse of flat rates, the blackmailing of pettifogging 
lawyers, ete., by securing new legislation, by judicially 
applying old statutes, by appeals*to higher courts? At the 
last session of the state legislature the Standard Company, 
by a little judicious lobbying, secured an enactment mak 
ing it a penal offense to mischievously or maliciously tam 
per with or injure transmission apparatus; and your pre 
siding officer, with the generous help of Senator Robt. T 
Devlin,of Sacramento,succeeded in securi: g a statute mak 
ing it a misdemeanor to steel current by tapping wires or 
meddling with meters. These were reasonable laws and 
were obtained without corruption. So long as we ask only 
for what is just, there is a fair probability of securing the 
needed legislation, if not immediately, yet by exercise of 
a little patience and persistency. 

There is also an ethical aspect to our work—yet, even 
if corporations have no souls. Our high-tension currents 
are very marvelous and pleasing to contemplate—from a 
distance. ‘‘Doctor,’’ asked an inebriate, when his physi- 
cian was warning him, ‘Doctor, you don't think that 
stimulants are really going to hurt me, now, do you?” 
“Oh, no,’’ replied the sage, ‘‘not if you leave them alone.”’ 
Our wires are perfectly harmless—if you leave them alone. 
A large number of persons, not all employees by any 
means, have, during the past year, suffered injury or 
died from shock; and the result has been not only a 
general feeling of dread, or even of hostility to our work, 
embarassing the securing of rights of way and menacing 
by damages our incomes, but also an appeal to those 
feelings of humanity in ourselves, which even electricians 
share with their kind. How to lessen the danger, how to 
devise new and better methods of resuscitation, etc.—all 
such questions we should patiently entertain and strive 
to answer. 

THE MANUFACTURE OF LOCOMOTIVES in the 
United States, says the U. S. Census Bureau, now shows 
a capital investment of $40,813,793 in the 28 locomo- 
tive establishments. The value of the product is re- 
turned at $35,209,048; to produce this $10,896,614 was 
paid for wages, $1,369,341 for miscellaneous expenses, ant 
$20,174,395 for materials. These 28 works tyrned out 
2,774 locomotives of all classes, and 272 more were built 
in 26 railway shops, making a total of 3,046 locomotives, 
valued at $30,397,456, built during the census year of 
1900. The value of locomotives has increased since 1890. 
The 2,409 locomotives built in the census year 1890 had 
an average value of $8,199, while the 2,774 built during 
the last decade average $9,777 in value, the increase being 
largely due to changes in size and design. In the census 
year 1900, 525 locomotives were exported. 
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The very valuable report of the British Commis- 
sion on water-tube boilers for naval purposes, 
which we print in this issue, is likely to have a 
marked influence upon boiler equipment in the 
navies of all nations, and the use of 
water-tube the merchant service. The 
committee agree as to the advantages of the wa- 
ter-tube boiler for naval purposes, and agree also 
as to the difficulties and dangers which have so 
far attended the use of water-tube boilers in the 
British Navy. The solution which they finally 
recommend, and which has already been adopted 
British cruisers of 22,000 I. HP., is to 
boiler plant of cylindrical 
and water-tube boilers, the former to be used for 
the supply of 
water-tube boilers to be 


even on 


boilers in 


for six new 
install a combination 
cruising at all ordinary 
auxiliaries, ete., and the 
when extra speed is to be attained. In 
the case of the new British vessels, one-fifth the 
equipment, or 4,400 HP., eylindrical boil- 
ers and the remaining 17,600 HP. will be water- 
tube boilers. 


speeds, 
used only 


is to be 


This plan is not wholly novel. It was used, for 


example, a dozen years ago on the U_ S. monitor 
“Monterey.” But now that the troubles with 
water-tube boilers in marine service are better 


understood, its advantages are more apparent 
than ever before. 
The fact is that on a high-powered 


cruiser or battleship, the entire capacity in boilers 


modern 


and engines will be used, probably only a few 
hours in the whole life of the vessel. In peace 
there is no need for full-speed runs, save in occa- 


sional practice manoeuvers. Even in war, it will 
be only at rare intervals that full-speed runs will 
be wanted. The problem of a fleet commander in 
time of will be chiefly how to husband his 
oal supply, and only in case of a chase will the 


war 


fighting ships have occasion to show their speed. 
But if water-tube boilers are designed to be used 
only in emergencies, they can be made much 
lighter and more compact than the present water- 
tube boilers installed in battleships, which have 
to be made with durability and availability for 
continuous service as the governing requirements. 
They can be designed, in fact, more on the lines 
of the boilers used in torpedo-boat destroyers, and 
the saving in weight and space will be an advan- 
tage of which navel architects will take prompt 
advantage to better their vessels at other points. 


The annual report of the Chicago & Eastern II- 
linois R. R., just issued, shows an increase in the 
average freight train load during the year that 
has probably seldom or never been equalled, at 
least by any railway company having a high ay- 
erage train load. In the year ending June 30, 
1902, the average freight train load of revenue 
freight was 605.2 tons, against an average in the 
previous year of 487.4 tons, an increase in 1902 of 
24.16%. Including company’s freight, the average 
freight train load in the year just closed was 629.1 
tons.” 

It will be understood, of course, that the aver- 
age train load on any railway is determined by 
dividing the total ton mileage of freight moved 
by the total freight train mileage. The result 
will be considerably affected, of course, by the 
method adopted for computing the freight train 
mileage; for example, as to whether mileage of 
switching engines is included, and if so, on what 
basis switching engine mileage is computed. On 
the Chicago & Eastern Illinois, however, the re- 
port states that the total engine mileage is used 
for train mileage in computing the freight train 
load. 

Bearing this fact in mind, it is quite probable 
that the above is the heaviest average train load 
of any railway in the United States. Two years 
ago the Chesapeake & Ohio held this distinction. 
It reported in the year ending June 30, 1900, an 
average freight train load of 488 tons, which we 
said at the time (Eng. News, Nov. 8, 1900) was 
probably the heaviest average freight train load 
of any railway company in the United States. 
Since that time, however, railways in all parts of 
the country have been making great advance- 
ment in the use of heavier locomotives and larger 
capacity cars, with consequent larger average 
train loads. The Lake Shore & Michigan South- 
ern, which has long been notable for its heavy 
average train load, increased this average to 548.5 
tons (including company freight) in the year end- 
ing June 30, 1901. Statistics for the fiscal year 
just closed are not available for this road, or for 
the other roads which are known to have high 
records for the size of freight trains. If any of 
our readers know of higher average loadings than 
that reported on the Chicago & Eastern Illinois, 
however, we shall be pleased to hear from them. 


The contrast between English and American 
fast passenger service with respect to the weight 
of the trains hauled is well illustrated by the re- 
cent fast train from London to Birmingham, put 
on by the London & Northwestern R. R. As stated 
in our issue of Aug. 21, this train is scheduled to 
make the run of 113 miles in 1 hour and 55 min- 
utes, or practically a mile a minute from start to 
finish; but the weight of the train is given as 
only 130 tons behind the tender, or 291,200 Ibs. 
On the New York Central & Hudson River R. R., 
according to a recent statement by General Pas- 
senger Agent Daniels, the Empire State Express, 
which has been in service for nearly 11 years, 
making the run from New York to Buffalo in 8 
hours and 15 minutes, has a total weight of 608,- 
000 Ibs., including engine and tender. The dis- 
tance is 440 miles, and the average speed is 5314 
miles per hour, but this includes four stops, at 
two of which engines are changed, and 28 slow- 
downs to run through towns and cities en route. 
For half the distance that the Empire State runs 
its speed is above 60 miles per hour. The speed 
averages on the two runs are, therefore, prob- 
ably fairly comparable, so far as the difficulty of 
the work done by the locomotive is concerned. 

It may be added that the Empire State Express 
is a light train, compared with many of the regu- 


lar passenger trains run on roads of h.-» 
An instance of a remarkably heavy 
train was recently related by Mr. Danie, 
lows: 

A single locomotive recently hauled a passe, 
16 cars, 9 of which were sleeping and orn 
New York to Albany, a distance of 143 miles 
mins., which is 44 miles per hour, and is 
schedule time of this train. The train weigh. 
Ibs. and was 1,212 ft., or nearly a quarter of . 


What is the matter with the electric 
mine hoists? It has been in use to som 
for this purpose for ten years or more 
issue of Aug. 21 we illustrated an elect; 
used in one of the very deep shafts on ¢) 
stock lode. Yet in a paper on another 
this issue the manager of a company wh 
electric current to mines declares that, 
simpler, better and more reliable electrics 
is developed, he will hesitate to recomme: 
to a customer.” We suspect that the en 
should be placed on the last of the qualifi 
set forth, and that it is in point of reli 
that the electric-driven hoist has failed. \W 
the electrical or mechanical engineering ha 
at fault in the design of existing mine hoj 
cannot undertake to say, but the remark 
quoted should certainly tend to make enc 
cautious about the adoption of electric min. 
unless safeguarded by the most rigid s) 
tions and guarantees. 


We imagine that there are many engine ) 
have at times felt rather skeptical of th 
value of the ultra-refined and correspon 
ultra-expensive methods which have beer: 
quently practiced in measuring the base line- 
which our government surveys are developed 
these engineers at least the description of the 
line measurements for the 98th meridian tri. 
lation, which is published elsewhere in this 
should prove refreshing reading. The resul: 
this work seem to warrant the conclusions 
that this ultra-refinement of apparatus and » 
ods is of very doubtful efficiency, and, second 
even were it efficient to the extent of perf:. 
curacy it would be of questionable utility in ; 
serving continued accuracy in the extended 1) 
gulation. To some persons the innovations ado)! 
in the work described will probably be consii:: 
highly radical ones where such important da: 
primary base measures are to be established 
we believe that they exemplify a species of rai 
calism which will appeal favorably to the pra tic: 
engineer and surveyor. 

To summarize briefly, the work described com- 
prised the measurement of nine primary bas: 
lines, ranging from nearly 6,000 to nearly 12,000 
meters in length, from which the great north an! 
south triangulation system along the 98th merid 
ian is to be developed. Arguing from the ob\ 
-ously sound reasoning that the skill and expe: 
ence gained in measuring our base would result in 
a saving of time and in increased accuracy 
measuring succeeding bases, it was determined 
that one and the,same party should measure th 
nine bases in succession, if possible, in one sea 
son. Formerly it had been the practice to meas 
ure one base at a time, as the necessity for 
arose in extending the triangulation, and to ©: 
ploy for the work usually a different party ex | 
time and often different apparatus. The suc 
of the innovation seems to be shown by the resi: 
which were obtained and which are describe: 
the article to which we have already referred 

A more interesting departure from past prac 
which this article records, however, was the d: 
sion to locate and measure the base lines with | 
object in view primarily of securing an easy 4 
accurate development of the triangulation sys! 
rather than of securing the most precise and 
curate base measures possible. The reason 
upon which this decision was founded was 
experience has shown that owing to such a se!: 
tion of the base line in order to secure the gr: 
est possible accuracy in its measurement, 
poor geometric conditions are necessarily enco 
tered upon expanding the triangulation, 
errors which accumulate in passing from the |" 
to a remote triangle are large in comparison w 
those involved in the base measures. Stated 
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another way, the most accurate part of the tri- 
angulatiom system under ordinary conditions is 
the base measurement. The base lines being the 
most accurate portion, and the expansion of the 


hase being the least accurate, good engineering, as. 


the article rightly observes, urges that the trian- 
«ylation from the base should be strengthened at 
the expense of the base measurement. To secure 
this object, the base lines were located only a 
little more than 100 miles apart, instead of 250 
miles apart, as has been the common practice. 
They were, moreover, so selected as to ensure good 
geometrical conditions in developing the triangles 
at some expense to the extreme accuracy of the 
hase line measure, and finally the limits of accu- 
racy in base line me&surement were set low 
enough to permit the other conditions to be easily 
attained. 

One of the most practically valuable conclusions 
to be drawn from the results of the work de- 
scribed, however, is that by using 50 or 100-meter 
steel tapes about as accurate results are secured 
as by using iron or duplex metal bars, while the 
tape measurement is 2% times as rapid as the bar 
measurement. 


The great increase in the cost of the diamonds 
used in diamond drills appears to be due, not to 
the exhaustion of the Brazilian deposits in which 
these diamonds occur, but to the fact that the 
methods of mining are so crude as to make it im- 
possible for the supply to keep pace with the de- 
mand. According to a recent consular report, 
abstracted in another column, vast deposits of the 
grcund in which these diamonds are found are 
still unworked, and with proper machinery and 
management should prove very profitable. 


> 


We have repeatedly called attention to the ab- 
surd waste of Government funds which is going 
on year after year in the construction of the Hen- 
nepin Canal, from the Mississippi River, at Rock 
Island, Ill., to the headwaters of the Illinois River. 
The work has been in progress for ten years; but 
the canal was obsolete when it was begun. In a 
recent address by Mr. Jas. A. Seddon, before the 
Illinois Valley Association, which is agitating for 
the improvement of the Illinois River, we find 
the following pungent comment on the Hennepin 
Canal: 


In the district between the Illinois and the Mississippi 
rivers the government is now at work on a new canal, 
heedless of the commercial decline of the Illinois and 
Michigan canal, not 20 miles above it. This work is to 
cost some $8,000,000, and probably no one could be found 


to guarantee that the whole value of the through freight. 


on it would ever reach an amount large enough to even 
pay the salaries of its lock-keepers. 


> 


The chief reason for the development of long- 
distance electric transmission plants in California 
far in advance of those of any other section of the 
country has been, of course, the very high cost of 
steam power there, on account of the high price 
of coal. This situation has been entirely changed 
during the past two or three years by the develop- 
ment of the California oil fields. It is stated that 
some California steam plants using fuel oil 
at 70 cts. per barrel are now producing power at 
a total cost for fuel and labor of only $34.60 per 
indicated horse-power per year of 313 days of 24 
hours each. While this new and cheap fuel will 
doubtless compete successfully with electric trans- 
mission plants in cities and other points where 
transportation facilities exist, the electric plants 
have still the field pretty much to themselves in 
the supply of power to mines and other isolated 
users of power who can only obtain oil at large 
expense, 


CONCERNING FIREPROOF WOOD—SO-CALLED. 

The Insurance Engineering Bxperiment Station, 
recently established at Boston, Mass., in connec- 
tion with the Boston Manufacturers’ Mutual Fire 
Insurance Co., has just issued its first report, en- 
titled “Fireproof Wood—So-called,”” and its con- 
tents are decidedly interesting. 

As many of our readers are aware, “fireproof 
wood—so-called,” has been adopted and used for 
decks and other wood finish in a number of the 
latest U. S. war vessels. Its use has been made 
obligatory by law for the finish of buildings 
erected in New York city exceeding a certain 


number of stories in height, and its application 
for these and other purposes has become so exten- 
sive during the past few years that a half dozen 
or more companies are now manufacturing it. 

Now come Mr. Edward Atkinson and Prof. Chas 
L. Norton, of the Insurance Engineering Experi- 
ment Station, and declare in substance that this 
so-called fireproof wood is practically worthless 
as a measure of fire prevention. If they are right, 
then a great many thousand dollars are being 
wasted in the purchase of “so-called fireproof” 
wood, and a great mistake was made in compell 
ing the use of this wood in New York city. If 
they are wrong, then their errors should be 
pointed out, in order that no obstacle may be put 
in the way of progress toward better and safer 
construction. 

Space forbids the reprinting of the complete re- 
port in our columns,* but it may be briefly ab- 
stracted as follows: 

Part I. is by Mr. Atkinson, and relates that 
being asked to advise as to the best material for 
library shelving he applied to six manufacturers 
of fireproofed wood for samples. Most of these 
samples were turned over to Prof, Norton for reg- 
ular laboratory tests; but Mr. Atkinson took a 
half bushel of blocks, chips and shavings from 
these samples to his country house, put them 
in an open fireplace and lighted them’ with 
crumpled newspapers. The mass burned with a 
sickly greenish-yellow flame, emblematic, we pre- 
sume, of the feelings of the fireproof-wood manu- 
facturers. It appears to have taken a consider- 
able time—half an hour, in fact—to light the wood, 
but it was finally accomplished by burning news- 
papers beneath it, aided by a bellows; and the 
experimenters were rewarded by a very satis- 
factory open-grate fire, which continued to burn 
for an hour, until 9.30 p. m., when the experi- 
menters retired for the night. 

Turning next to Prof. Norton's laboratory tests. 
we find that he determined first the temperatureat 
which treated and untreated wood would ignite, 
and found that the treated wood required less 
than 100° higher temperature to ignite. Next he 
tried the temperature to which a brass plate had 
to be heated in order that a sample of wood 
thrown on it would instantly flash or flame. Here 
there was less than 2()° difference at most be- 
tween the treated and untreated specimens. 

He also found that the treated wood smoked 
when heated like untreated wood, and the smoke 
was explosive, the same as that from untreated 
wood, and equally liable to ignition by a flame or 
spark. 

Tests of pieces *,-in. square were next made in 
a manner similar to the tests by Prof. Ira H. 
Woolson, described in Engineering News of Feb 
20, the area of cross-section left unburned after 
exposure to a gas flame being determined. The 
results coincided pretty well with the results ob- 
tained by Prof. Woolson. 

Next came tests by placing samples on a hot 
plate, which “clearly showed the tendency of 
treated woods to char without much flame and to 
extinguish themselves when taken from the plate.” 

Finally, Prof. Norton made a test similar to 
Prof, Atkinson’s, described above. A mass of 
“fireproof” kindling was lighted by repeated 
burning of papers beneath it, and while it was 
harder to light than untreated wood, it made “a 
good, lasting fire,”” and so hot that Prof. Norton 
melted several pounds of lead in a ladle over it. 
He also built a fire of firéproof wood between two 
hard, dry pear sticks, 4 ins. in diameter, in an 
open fireplace, and burned in the fire four good- 
sized pieces of 1-in. board which had been fire- 
proofed. At the end of two hours these boards 
were all consumed but the pear sticks of un- 
treated wood, although all on fire finally went out 
after their ‘‘fireproof’’ associates had burned up., 

Other tests are described in the report, but their 
results were in accord with those already de- 
scribed, and we may turn at once to the conclu- 
sions which the experimenters reached. 

In the first place, Mr. Atkinson says that the 
term “fireproof” applied to chemically-treated 
wood is a misnomer, and tends to mislead unin- 


*Any of our readers desiring the full report should write 
to the Insurance Engineering Experiment Station, 31 Milk 
St.. Boston, for a copy. 


formed persons. ‘This is unquestionably correct 
There is no such thing as fireproof wood, and it 
may be added here that the frequently advertised 
fireproof paints should be placed im the same 
category The so-called “fireproofing” of wood 
consists merely in impregnating it with certain 
chemicals, which, when heated somewhat, retard 
the formation of combustible gas from the wood 
and also by giving off other gases hinder the ig 
nition of such gas as the wood generates 

Prof. Norton says correctly, and his experiments 
unquestionably show, that fireproof wood is a 
good combustible We have little doubt that 
careful colorimetric tests would show that treated 
wood had nearly or quite as great a heating 
power as the same wood untreated. Neverthe 
less, it does not follow that the fireproofing process 
is valueless. Anthracite coal (when you can get 
it!) is an excellent combustible; yet its presence: 
does not cause fire risk. Mr. Atkinson's tire in- 
surance company would never object to a hundred 
tons of anthracite on the premises of a policy 
holder, while a similar weight of wood or lumber 
in proximity to buildings would be a matter for 
immediate protest. 

The mere fact, therefore, that pieces of fireproof 
wood will ignite and burn when sufficiently stimu 
lated by the combustion of newspapers b neath 
does not prove fireproof wood to be valuel:ss bys 
any means. 

We do not say this to criticise the tests of 
Messrs. Atkinson and Norton. Their tests were 
justified by the misleading name which has come 
to be attached to these wood-treating processes 
The manufacturers were to blame when they 
ealled their product “fireproof,” and well knew 
that it was not fireproof at all; and they emi- 
nently deserve the reproof which they receive in 
Mr. Atkinson’s report. We may note here the 
further fact pointed out by Mr. Atkinson that th: 


so-called ‘electric’ process of fireproofing has 
nothing “electric” about it. Such a misuse of 
terms is well calculated to arouse suspicion, and 


merits severe condemnation. 

And now let us see what value may be fairly 
claimed for “fireproof” wood. The tests by Prof 
Norton and by Mr. Atkinson—as well as numerous 
other tests which have been made—show that fi e 
proofed wood is distinctly less inflammable than 
untreated wood. It is slow to ignite, and when 
ignited burns with little flame and with a ten 
dency to go out, if outside sources of heat are 
removed, Messrs. Atkinson and Norton appear t) 
think this quality is of small value. It seems ty 
us, however, that under certain circumstances an 4 
conditions this quality may be of very consider 
able value. 

Fireproof wood is not fireproof-—its manufac- 
turers now admit that. It is “slow burning,” as re- 
peated tests have shown. In view of Mr. Atkin- 
son’s prominence in developing the now well 
known slow-burning type of building construc- 
tion, he must certainly admit that the ‘“slow- 
burning” principle is not wholly without merit. 

The fact that the chemical treatment which we 
are discussing only retards the spread of flame 
is no reason at all for condemning it. On the 
contrary, the most valued appliances for fire 
prevention at the present day are only meant to 
retard, not prevent, the work of fire. We cover 
the steel framework of high buildings with bricks 
and terra cotta; but if any great building were 
left alone to burn with its contents, the steel 
would gradually absorb heat despite its non-con- 
ducting covering till it would attain a tempera- 
ture so great as to lose its strength and stiffness. 
What the fireproofing does for the steel is to re- 
tard its heating until appliances can be brought 
into action te extinguish the fire. 

For an additional example, take the automatic 
sprinkler—another most excellent hobby of Mr. 
Atkinson’s. The purpose of this devige is not to 
extinguish the fire—it usually is only partially 
successful in doing this—but to hold the flames 
in check and retard their spread until hose 
streams can be brought into play. 

We do not see, therefore, since the so-called 
“fireproofing” process does greatly reduce the in- 
flammability of wood and retard the spread of 
flame upon it, why it has not a legitimate fleld to 


4 
4 
a 
= 
4 


170 


ENGINEERING NEWS. 


Vol. XLVIII. No. 


fill. Mr. Atkinson says that a “building would be 
distinctly safer if no wood, treated or untreated, 
were used in the flooring or the finish or even in 
the doors,” and he thinks that substitutes for 
wood could be used instead and the floors could be 
covered with incombustible material. 

We fear, however, that he is not talking about 
the present state of the art. At present we know 
of no incombustible substitute for wood which 
could be used in the finish of a building, at no 
greater expense for first cost and for maintenance, 
and with equal satisfaction from all points of view 
to the user. 

There is no need to tell Mr. Atkinson that the 
primary purpose in erecting a building is not to 
see how perfectly proof against fire it can be 
made. Buildings are erected to give satisfaction 
to those who are to occupy them, and to make 
money for their owners. Architects, builders and 
insurance men have to take the industry as it is. 

The public demands—and educated taste sus- 
tains its demands—that buildings of first-class 
construction be finished in natural woods. It will 
surely reject any of the substitutes for wood, or 
the “wood encased in metal” which Mr. Atkinson 
proposes. His suggestion of such substitutes, 
therefore, amounts to nothing practically as an 
argument against “fireproof wood—so-called.”’ The 
question is whether the additional safeguard 
which the fireproofing gives to the wood finish of 
a building is worth the additional cost, and this 
question is one fairly open to discussion and to the 
light of further facts. 

Prof. Norton, indeed, admits that the use of 
fireproofed wood constitutes an additional safe- 
guard against the spread of fire; but he thinks 
it so slight a safeguard that its use may well be 
dispensed with. As seen above, however, he at- 
taches little value to the reduced inflammability 
in the treated wood, and we can but feel that in 
this respect his position is a mistaken one. 

We ourselves have always held that the legis- 
lation by which the use of this treated wood was 
made compulsory in certain classes of buildings 
in New York city was a mistake. We strongly 
suspect that if the secrets of all hearts were laid 
bare this legislation would be found to have orig- 
inated with the manufacturers of “fireproof wood 
—so-called.” It is doubtful whether the risk of the 
spread of flame in a first-class fireproof building 
and the extent to which the work of the firemen 
would be aided by the presence of treated wood in 
the finish of the building has yet been sufficiently 
well established to justify legislation to make the 
use of such wood compulsory. 

Nevertheess, we are far from agreeing with 
Messrs. Atkinson and Norton that such wood is 
of little or no value. Enough is now known of its 
resistance to ignition and its slight inflammability 
to justify architects and engineers in adopting it 
for places where these qualities will be of special 
service. It is true. as Prof. Norton points out, 
that no accepted test to determine the thorough- 
ness of the treatment at present exists. This, it 
is to be hoped, may be remedied, however, through 
the work now in progress at Columbia University 
for the New York Building Department If this 
is done the use of ‘“‘slow-burning’’ wood—to give 
it its proper name—will be on a much more sat- 
isfactory basis. 


LETTERS TO THE EDITOR. 


A Concrete-Steel Retaining Wall. 

Sir: In your issue of March 27 and again on Aug. 7 
1902, you describe and illustrate a ‘‘new design of con- 
crete-steel retaining wall’’ patented by Mr. Frank A. 
Bone, presumably in 1901. The writer conceived this 
idea some ten years ago, and finally in 1899 described 
and illustrated it in a lecture delivered before the Associa- 
tion of Civil Engineers of Cornell University. The paper 
was published in the ‘“‘Journal of the Association of Engi- 
neering Societies,"’ Vol. XXIV., No. 1. 

The question naturally suggests itself whether or not 
a patent could be granted for something which was 
already public property; and if so, would not the retain- 
ing wall of this pattern be an infringement on some of 
the existing patents of concrete-steel construction? 

Yours truly, David Molitor. 

Fond du Lac, Wis., Aug. 27, 1902. 


(A patent is like a deed to a piece of land. The 
area which it covers is defined in the document it- 


self, and it covers nothing else. The claims of a 
patent correspond to the description by metes and 
bounds in a deed. Evidently a retaining wall like 
that which our correspondent described in 189) 
could be built without infringement on Mr. Bone’s 
patent—unless Mr. Bone could prove invention at 
an earlier date. At the same time, there may be 
in Mr. Bone’s patent claims to certain details of 
construction that are perfectly valid.—Ed.) 
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Cost of Laying Brick Pavements. 

Sir: Concerning the communication of Mr. Gillette (Eng. 
News, Aug. 21), permit me to say that I used the term 
“incontestable evidence’ to make the statement particu- 
larly strong. I have seen 10,000 to 12,000 brick blocks 
laid per man per day for several days at a time under sev- 
eral different contractors, I myself keeping the tally and 
checking with the official inspector; and disinterested 
friends have given me similar reports from other cities 
where they have kept the tally; and further, everal re- 
liable contractors, with every appearance of sinrerity, aave 
confirmed the above results. During the past two weeks 
four men in this city have set an average of more than 
11,000 (the exact number is not at hand at this writing) 
brick blocks in 10 hrs., including making their own clos- 
ures and ‘setting the blocks diagonally at street intersec- 
tions. The number set in a unit of time will depend upon 
the manner in which the bricks are delivered to the set- 
ters; if the bricks are delivered on a board or piled on the 
edge of those already set, a man can set considerably more 
than if the bricks are delivered by being tipped from a 
wheelbarrow. In the examples cited above, the brick 
blocks were tipped from a wheelbarrow upon the blocks 
alreedy set. Measured by the area covered, 10,000 and 
12,000 blocks are equivalent, respectively, to 13,000 and 
16,000 small bricks—-the size Mr. Gillette employed in 
his original communication. 

Mr. Gillette misuses the cost of laying brick in Minneap- 
olis, in checking his estimates. The cost of laying brick 
at Minneapolis was 3.2 cts. per sq. yd.; but we do not 
know how much of that cost was for delivering the brick 
to the setter, and hence we cannot deduce therefrom the 
number laid per hour. 

The writer believes that Mr. Gillette makes a mistake 
when he reasons that a thin sand cushion gives a firmer 
and smoother pavement than a thicker one. If the pave- 
ment is thoroughly rolled, a 2-in. sand cushion will make 
a firmer and smoother pavement than a thinner one, since 
the thicker layer seems to allow the sand to adjust it:elf 
better and to allow the brick to be bedded better, at least 
the brick are firmer and the surface smoother. As evi- 
dence that the sand does flow during the rolling, it may be 
mentioned that it is common experience that with a 2-in. 
cushion the sand will be forced up between the bricks from 
\% to %-in. To accomplish this result, the brick should be 
rolled several times; at least three or four. 

Yours truly, Ira O. Baker. 

Champaign, Ill, Aug. 23, 1902. 


Reheating Steam Between the Cylinders of Compound 
Engines. 

Sir: Referring to the paper on an ‘‘Engine Test to De- 
termine the Effect of Reheating between the Cylinders on a 
Compound Engine,”’ in your issue of Aug. 21, the condition 
of the steam during the test was not recorded; that is, 
whether it was superheated or supersaturated. This is 
a very important factor and the condition of the steam 
probably determines whether there is profit or loss in the 
use of the reheater. 

By referring to p. 320, Vol. XIX., ‘Transactions of the 
American Society of Mechanical Engineers,’’ will be found 
the results of tests published by the writer on a tandem 
compound engine, in which the rate of water consumption 
was 19.34 Ibs. per I. HP. per hour without reheating. 
This rate was increased to 20.45 Ibs, when steam at boiler 
pressure was used in the reheater. These results were ob- 
tained from prolonged experiments, under conditions 
favorable to accuracy; all as described in the paper above 
referred to. At the time the experiments were made, no 
satisfactory method was at hand for determining the qual- 
ity of the steam, but it was known to be far from perfect 
Subsequently, it was found that the steam carried about 
7% moisture. This large amount of suspended water, 
passing through the reheater, was naturally a wasteful 
method of heating, as all this suspended water, when 
caught at the point of discharge, was weighed and charged 
up as steam. 

At a later period than that above referred to, similar 
tests were made, on a much larger engine, but under sim- 
ilar conditions to those of the first experiment, excepting 
that the steam pipes were better protected and the water 
earried by the steam fell a little below 2%. These were 
Allis engines, cross compound type, cylinders 20 and 40 
ins. x 48 ins. stroke, driving a 500-K-W. generator at 92 
revs. per min. The night load was considerably greater 
than the day load. With the night load averaging 560 HP., 
the water per I. HP. hour was 13.32 Ibs. with reheater and 
13.16 without reheater. For the day load, which averaged 
440 HP., the water rate was 13.37 lbs. with reheater, and 
13.79 without the reheater. 

The consumption of steam with and without the reheater 


with this engine, was nearly equal. Accidental! 
stances might cause it to appear that the consum: 
steam at the higher horse-power was a little hig! 
the reheater than without, whereas contrary res); 
obtained with the lower output of power. It 
probable that if the steam carried no superfluous 
—or better still—if superheated, that a distinct Bair 
be shown by the use of the reheater. 
Yours truly, 
Pencoyd, Pa., Aug. 25, 1902. 
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The Law of Boundary Surveys —Chains and Links 
Standard for Government Land Measure. 


Sir: I notice in Engineering News of Aug. 28 the « 
by Mr. Kern on the law of boundary surveys. 

Speaking of the location of the center of a sectio 
says the pamphlet issued by the general land Office 
gests that it be placed at the intersection of lines run 
the opposite corners.’’ He then gives a very diff: 
method as the correct one. 

The method by intersection of straight lines betwe: 
opposite corresponding quarter-section corners is not 
suggestion of the land office, but the mandate of 
United States statutes creating the U. S. system of 
surveys (act of Feb, 11, 1805), and Mr. Kern’s me: 
while well enough at common law, is not in harmony » 
the statute. 

In regard to standards of measurement, so far as 
veys under the United States land system are concer: 
that is also settled by the same statute. It says that 
corners marked in the surveys returned by the survey 
general shall be established as the proper corners, et. 
and that the length of the lines as returned ‘shal! 
held and considered as the true length thereof.” 71) 
establishes a standard of length actually laid down 
marked in the ground for every line run by the depur 
surveyor and returned by the surveyor-general. When : 
field notes say it is 40 chains from a section corner to 
quarter post, it is 40 chains, and when they say it Is 29.2 
chains, that is what it legally is, for all purposes of loca 
ing boundaries under the United States land system, a: 
other so-called standard to the contrary notwithstanding 

In this connection I notice that in a recent discussion o 
the metric system by the Western Society of Engineer 
one of the speakers alludes to the rod and chain a 
“having been weeded out as being superfluous, while th: 
foot as a unit was extended in its usefulness to cover land 
surveys.”’ It is doubtless true that civil engineers who-« 
principal work and thought is in units of feet prefer | 
retain that unit when on rare occasions they have som: 
thing to do with land surveying. It is also true that 
locations where land is so valuable as to make it of ad 
vantage to sell and reckon it by the square foot rather 
than the acre, the foot is used as the unit of measure. 

All this, however, covers but an extremely small portio: 
of the United States. All the public lands of the United 
States, including about 80% of its territory, have been o: 
are being surveyed on the United States land system. In 
these surveys distances must be measured and returned in 
miles, chains and links. The use of the engineer’s chain 
divided into feet is absolutely prohibited. With the us 
of the chain as a unit we have all the advantages of a 
decimal system. The surveyor who in making surveys 
and subdivisions of sections under the United States land 
system should abandon the chain in favor of the foot a- 
a unit might well be compared with the chemist who 
should abandon the metric system and return to the old 
systems of weights.and measures. It is a decided step 
backward from the new to the old. 

F. Hodgman 

Climax, Mich., Aug. 30, 1902. 
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Practice in Subdividing Lands Below an Original 
Meander Line. 


Sir: I desire to get the experience and method usually 
employed, by surveyors generally, in reference to the proper 
method of subdividing land around a lake, where th« 
water has receded from the original meander line, a- 
established by the government surveyors some 60 years 
ago, and will ask you to kindly insert this as an inquiry 
in the columns of the ‘‘News.’’ The lake I have referenc: 
to is a deep one, probably 30 or 40 ft., in places and i 
about three miles long and two miles wide. The r« 
cession amounts probably to a strip from two to six rod 
wide on nearly all sides of the lake and the present, a 
well as the original outline, is very irregular. B. H.S. 

Manistee, Mich., Aug. 25, 1902. 


(We quote in reply to the above the following 
from Johnson’s “Theory and Practice of Survey- 
ing,” pp. 232, 233.—Ed.) 

WATER BOUNDARIES AND MEANDERED LINES.—|1 
Meandered lines on the United States land surveys wer 
run for the purpose of outlining lakes and rivers, and ar: 
is no sense boundary lines. They served for computing 
the areas of the fractional quarter-sections which wer: 
used in the first sales by the government, but the rea 
boundary is the center of the stream if not navigable, and 
the line of ordinary high water or line of vegetation, |! 
navigable. In the case of lakes and ponds described a 
boundary lines the ownership is to the water's edge. 

2. In extending side boundaries beyond the meandere! 
lines to the river bank or lake shore, such extensions hx 
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-ond the meandered lines should run at right angles to the 
—_ This rule also applies to city lots and to all lands 
fronting on bodies of water. An exception to the rule is 
the following: 

3. Wh the waters of a lake recede from drainage or 
any other cause, or when a river or creek shifts its course, 


the aceretion or ‘‘made land’’ belongs to the abutting . 


property and should be divided in proportion to the orig- 
‘nal lengths of water frontage. If the land thus ac- 
quired is the valuable consideration, then the original side 
boundaries are to be extended so as to divide the new 
area among the abutting tracts in proportion to their, 
original frontages; but if the length of the new frontage is 
the desirable thing, then the new line of frontage is to be 
saved to the original tracts possessing such privileges, in 
due proportion. In either case, the extension of the side 
houndaries will usually involve angles at the meandered 
or original water line and these extensions will, in gen- 
eral, run nearly at right angles to the new shore line. 


s A “bank’’ of a stream is the continuous line where 
vegetation ceases. A ‘‘shore’’ is the exposed ground below 
the bank line. 

The rights of ownership extend to the center lines of 
non-navigable streams and lakes, but only riparian rights 
obtain in the beds of navigable streams or lakes. 


6. Where land is specifically bounded by ‘‘the bank,’’ o1 
“along the bank” of a stream or lake, these words will 
exelude all ownership of the bed of such stream or lake. 
Whether they would exclude riparian rights also would 
depend on the circumstances of the case and on the un- 
derstanding of the parties. 


In computing the area of a survey the terms ‘‘from,”’ 
“to,” or ‘“‘with’” the bank of a stream mean to low-water 
mark. 

7. In the case of meandered river banks or lake fronts 
on the United States land surveys, the computed areas in- 
eluded only up to the meandered line, all outside of that 
belong to the tract by a natural right. Hence in any sub- 
sequent sales of the tract the area should only be com- 
puted to the meandered line unless the conveyance speci- 
fically calls for an extension “to” or “‘along’’ the shore or 
bank, in which case the area would be computed to low- 
water mark, as above stated. 


&. Similarly, when an area is to be laid off from a tract 
bounded in part by a meandered line, this area should be 
computed only up to the meandered line unless otherwise 
specifically stated. 


Notes and Queries. 

The high-speed locomotives referred to in a note on p. 
131 of our issue of Aug. 21, have been ordered by the 
German State Railway and not the Russian, as stated in 
the note. 


We have been requested to state that, owing to the 
exhaustion of the author’s copies, those desiring the 
pamphlet by Prof. L. P. Kinnicutt, on ‘‘The Present Status 
of Sewage Disposal in England,”’ are referred to the June 
number of the ‘‘Journal of the Association of Engineering 
Societies,” 254 South Fourth St., Philadelphia; and that 
those wishing the paper by Professor Kinnicutt and | A 
Eddy on the ‘‘Acticn of the Septic Tank on Acid Iron 
Sewage,”’ should apply to Mr. R. A. Cairns, Secretary State 
Sewerage Commission, Waterbury, Conn. 


T. C. B., Washington, D. C., wishes to know the amount 
of water power now used in the United States; also the 
longest distances to which it is electrically transmitted, 
and the prices at which it is sold. 

We know of no accurate, up-to-date statistics of the use 
of water power. Possibly the Census Bureau may have 
some in preparation. The longest transmission in the 
United States or in the world is that of the Standard 
Electric Co. and Bay Counties Power Co., in California, 
2%) miles. (See Eng. News, vol. July-Dec. 1901, pp. 230, 
236, 428.) The prices at which power is sold vary prob- 
ably from $10 to $100 per HP. per annum, with some ex- 
ceptional cases above and below these extremes. 

ENGINEERING AT THE LOUISIANA PURCHASE EX- 
position will be represented in Groups 25, 26 and 27 of the 
Department of Liberal Arts, with Mr. J. A. Ockerson, M. 
Am. Soc. C. E., as Chief of the Department. Group 25 
covers civil and military engineering, and includes ma- 
terials of construction, methods and apparatus for testing 
materials, tools, equipment or plant used in building op- 
erations, ete. Group 26 covers models, plans and designs 
for public work of all description; and Group 27 is de- 
voted to architectural engineering, with models and plans 
of public, eommercial and domestic buildings of modern 
design. Mr. Ockerson is very desirous of making this ex- 
hibit worthy of the energy and skill of American engi- 
neers and architects; and he particularly asks that models 
be sent, as being the most effective exhibits where full- 
sized examples are too cumbersome. Next in importance 
are photographs showing the various stages of progress 
up to completed work. The Department of Liberal Arts 
will occupy an entire building covering an area of about 
400,000 sq. ft., to be built at an estimated cost of 
$500,000. 


THE TEHUANTEPEC RAILWAY PLAN, as embodied 
in the recent contract between the Mexican government 
and S. Pearson & Son, of London, is given as follows by 
U. S. Consul W. W. Canada, of Vera Cruz: The contract 
calls for the improvement, completion and operation of 
the Tehuantepec National Railway and the terminal ports 
of Salina Cruz and Coatzacoalcos, and is subst:tuted for 
the contract of 1899. The government and the firm prac- 
tically enter into a partnership, with a corporate capital 
of $5,000,000 Mexican, for a period of 51 years, from July 
1, 1902. If there is a loss of $4,000,000 Mexican the con- 


tractors may regard the contract rescinded; and the gov- 
ernment can cancel if the contractors fail to contribute 
their share. The company must keep the raiiway and 
ports in good condition, make at least two trips per week 
with mixed trains, and carry passengers across in not more 
than 14 hours. The fares and freight rates are fixed in 
the contract. The company is to establish a maritime 
service in the Pacific, and to begin with a steamer of not 
less than 2,000 tons or 12 knots speed; other vessels are 
to be nut on as needed. 

THE JULY EXPORT OF MANUFACTURES, says the 
U. S. Treasury Bureau of Statistics, was greater than that 
of July last year, or as $33,598,848 is to $31,852,440. The 
total imports of manufacturers’ materials for the seven 
months ending with July amount to $252,305,050, as 
against $221,537,767 for the same months of last year. 
For the same period the total export of manufactures fs 
$245,756,052 against $236,003,420 for the same months 
in 1901. 


AUGUSTUS TORREY. 

Mr. Augustus Torrey, Chief Engineer of the 
Michigan Central R. R., died at Detroit, Mich., 
on Aug. 20 from injuries received during an in- 
spection trip én the previous day, as noted last 
week. Mr. Torrey was a comparatively young 


Augustus Torrey. 


man, having been born at Beverly, Mass., on Nov. 
21, 1850. He entered the University of Vermont, 
graduating in 1872, and commenced his profes- 
sional career on the Burlington & Lamoille R. R. 
(now a part of the Central Vermont R. R. sys- 
tem) of which he was Division Engineer from 
1874 to 1876. He then turned to hydraulic engi- 
neering, and was engaged in this sort of work at 
Burlington, Vt., and some -towns in Massachu- 
setts. He was Superintendent of Water-Works avr 
Burlington, Vt., from 1870 to 1880, when he went 
to the Michigan Central R. R. with the late Ed- 
ward H. Phelps, his first work being as Assistant 
Engineer in charge of the location and construc- 
tion of the extension of the old Jackson, Lansing 
& Saginaw R. R. from Gaylord to Mackinaw, 
Mich. After this work was completed he served 
as Assistant Engineer under Mr. Phelps until the 
latter’s death in 1884, and when Mr. J. D. Hawks 
was appointed Chief Engineer of the Michigan 
Central R. R. Mr. Torrey became his Principal 
Assistant Engineer. He served in this capacity 
until the resignation of Mr. Hawks in 1892, when 
he was appointed Chief Engineer. 

The injuries which resulted in his death were 
caused on Aug. 19 by jumping from a gasoline in- 
spection car while going over the new second 
track work between Jackson and Marshall. The 
car was overtaken by a fast freight train, and as 
there was no time to remove the car Mr. Torrey 
and his two companions jumped. His compan- 
ions were unhurt, but Mr. Torrey fell upon a pile 
of rails and sustained the severe injuries from 


which he died in a hospital at Detroit on the fol- 
lowing day. 

He was of a progressive character in his pro- 
fessional work, carrying out many experiments 
and introducing a number of new ideas. He took 
particular interest in the question of track im- 
provement, experimented with continuous rails in 
lengths of 100 to SOO ft., designed a ballast-load- 
ing machine, which is now put on the market by 
a railway supply firm, and devised a form of rail 
joint (Eng. News, Nov. 30, 1899) which has been 
found very successful. His book on “Switch 
Layouts and Curve Easements” is well known and 
widely used. He was one of the leading spirts in 
organizing the Railway Engineering and Main- 
tenance of Way Association a few years ago, and 
was Chairman of the Preliminary Organization 
which conducted affairs previous to the official 
establishment of the association, after which he 
was elected one of the Directors. He became a 
member of the Western Society of Engineers in 
1896.. The accompanying portrait is from 


an ex- 
cellent photograph of recent date, Mr. Torrey 
was a man of genial character, and always willing 
to give information and assistance. He was of 


very high standing professionally, and was of a 
very lovable disposition in his family and gocial 
associations. He was twice married, and leaves 
a widow, a son and four daughters. 
THE ADJUSTMENT OF MACADAM ROAD DESIGN TO 
VARIOUS SUBGRADE SOILS.* 

The methods employed by the commission in building 
State roads have been thoroughly described in previous 
reports, and will not be repeated at this time. 

The main difficulty the commission has to contend with 
is to apply the method which will give perfectly safe and 
at the same time economical results when the road to be 
built passes over a subgrade of doubtful soil. Such roads 
can be built to bear up the heaviest load that may be ex- 
pected to pass over them during all conditions of weather; 
but when the drainage and foundation which may seem to 
be necessary to produce good results are effected, the cost 
is great, and unless these precautions are required, the 
heavy cost is unnecessary 

It is a well-known fact to road builders that, with rea- 
sonably good grades, the surface of the road is much 
easier to maintain on grades than on the low ground be- 
tween two hills or on any flat grade. 
true of gravel roads. 

The soils found in the subgrades may be divided into 
three general classes: First, sand or gravel; second, clay; 
and third, sandy loam. 

SAND OR GRAVEL.—The thickness of the roadway sur- 
facing over sand and gravel is determined by weight and 
volume of traffic alone. On roads of light traffic this 
thickness is 4 ins., which is increased to 6 ins. on heavy 
traffic roads. The increased thickness is used more par- 
ticularly to reduce the cost of maintenance, as by its use 
the road will wear a much longer period of time before it 
will require picking up and resurfacing. 

The main feature of building thin macadam roads over 
sand is to thoroughly compact the stone by rolling before 
opening them to traffic, as by so doing subsequent move- 
ment of the fragments of broken stone is prevented, and 
ruts will not develop. 

CLAY.—Clay as found in subgrades is a variable sub- 
stance. It may be a pure blue clay, or it may be mixed 
with sand in different proportions. The pure blue clay 
subgrade requires heroic treatment, if positive stable re- 
sults are expected. The ground water must be removed 
as far as possible, to insure a reasonably dry foundation. 
This may be done by one or two side drains, the number 
depending upon the general slope of the adjacent ground, 
or by a center drain. 

It is customary to place one drain on the up-hill side, 
and one on each side in a cut or on a level grade. It is 
not at all times an easy problem to determine whether side 
or center drains should be put in, and no general rule can 
be laid down that will cover this part of the work. A 
special study must be made of the supgrade and of the 
stone or gravel supply, and comparative estimates based 
upon these studies will make an intelligent conclusion pos- 
sible. If a good quality of gravel can be found within a 
reasonable distance from the road which is being built, 
it is economical to spread it on the roadway to a depth of 
from 2 to 6 ins, over the clay subgrade, and on this gravei 
to spread the broken stone. The gravel thus placed serves 
a double purpose—it improves the drainage and reduces the 
depth of the broken stone surfacing. Gravel placed in 
this manner should be used only when it can be placed on 
the road for a price that is less than would be paid for 
broken stone; at the same cost per cubic yard, broken 
stone is preferable. 

Clay that is mixed with more or less sand has to be 


This is particularly 


*From the report of the Massachusetts Highway Com- 


mission for the year 1901. W, E. McClintock, Harold 


Parker and John H. Manning, Commissioners. 
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studied very carefully If the percentage of sand is large 
and the grains of sand coarse, the drains on grades may 
possibly be omitted and probably need be put over only 
fairly level places, and the thickness of the broken stone 
and of the gravel may be lessened If, on the other hand, 
the sand be fine-grained and in smaller proportion, a great 
deal of judgment is needed to know just how it should be 
treated 

The standard thickness of covering should be used on 


ment is positive. The upper cutter-disk has a 
cylindrical periphery, while the lower cutter has 
a similar periphery beveled at its rear edge, the 
intersection of this bevel with the upper cutter 
constituting the cutting edge, with the lower 
cutter at the same time forming a support for the 
material to be beveled. 

The upper and oblique cutter-shaft is mounted 


FIG. 1. ROTARY BEVELING SHEAR FOR BEVELING PLATES. 
Chas. J. Wangler, St. Louis, Mo., Inventor. Scully Steel & Iron Co., Chicago, Ill., Manufacturers. 


level stretches, with a possible reduction in depth on 
grades. If any weakness develops later on, the thickness 
of covering may be obtained by spreading on more stone 
and rolling it. 

On the same principle, the drains may be omitted at the 
time of building, putting them where needed only at any 
subsequent time, if the roadway shows Indications of rut- 
ting. 

SANDY LOAM.—A subgrade of sandy loam is the most 
difficult to know how to treat. Generally speaking, if 
soc or more of the material will pass through a No. 1 
screen, the introduction of a drain does no particular good, 
the capillarity of the soil being so great that it will not 
xive out the ground water. Under frost action the bear- 
ing-up properties are very poor, and the thickness of the 
covering will have to be increased until the weight is dis- 
tributed over an area large enough to reduce the pressure 
to a safe limit. 

When this kind of soil is met with, it is exceedingly va- 
riable in quality, and unless tests are made at very short 
intervals its character cannot be determined. It is there- 
fore well to place the broken stone, or ston: and good 
gravel, on the road to a depth of 12 or 14 ins. when the 
sandy loam is known to be poor, and to reduce this thick- 
ness to 6 ins. when it is of doubtful quality If in the use 
of the road weak spots develop, these spots can be 
strengthened by placing more stone over that already 
there, and thus increase the thickness. By this method 
no greater outlay is incurred than is actually necessary, 
as determined by experience. 


A NEW ROTARY BEVELING MACHINE. 


A powerful but simple rotary shear or beveling 
machine has recently been put upon the market 
by the Scully Steel & Iron Co,, of Halsted and 
Fulton Sts., Chicago, Ill. The purpose of the in- 
ventor, Mr, Charles J. Wangler, of St. Louis, Mo., 
is to provide a simple, durable and efficient con- 
struction, which would avoid the usual lateral 
strain upon the carrying shafts of the cutters, 
with the accompanying liability in these shafts to 
spring and break at a point near the cutters. The 
design also permits a convenient adjustment to 
shearing circular work of various diameters, and 
it reduces the wear of the shaft-bearings. 

The illustration sufficiently shows the simplicity 
and strength of the design. The shafts carrying 
the cutter-disks are arranged obliquely to each 
other, with both shafts so geared that their move- 


in a tubular housing pivoted at its rear end in the 
main housing; concealed inside the main housing 
is a weighted lever, with the front end of this 
lever terminafing in a friction roller bearing upon 
a-short inclined track or lug on the bottom part 


thy 


i 
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power, through a friction pulley, or by an 
motor, and the machine shown will bev: 
plate. 


WATER POWER PROJECTS AT JOLIET, ILL 


The rival water power projects at Joli: 
which are projected by the Sanitary Dis: 
Chicago and by the Gaylord Syndicate ar, 
before the courts for a decision as to their » 
tive rights, as already noted in our columns 
the general situation is shown by the accom; 
ing map. At the extreme right is the Stat. 
at Jackson St., Joliet. On the south side o: 
Desplaines River the Sanitary District ha- 
ready built an embankment extending t. 
mouth of Hickory Creek. An approximat; 
tion for the District dam and power hous 
shown above the mouth of the creek, but 
definite statement as to the exact location «1 
head to be secured can be made until the « 
have defined the District’s rights and its p 
to erect the works at the point selected. |) 
the dam a tail-race channel to Lake Jolict w 
be excavated in the bed of the river. These 
have been planned by Mr. Isham Randolph, «! 
Engineer of the Sanitary District. 

The Gaylord Syndicate propose to build a 
much farther down the river, obtaining a he: 
about 21.5 ft (from the tail-race level of the py 
ent Joliet dam). About 10,000 electrical ho: 
power would be developed, or 15,000 HP. in ab 
five years, when the Chicago River improveme: 
are completed. To form the reservoir, the emba: 
ment or levee on the south side of the river w: 
have to be extended to the-site of the dam, a: 
the power house would form the end section 
this embankment, independent of the main dar 
To avoid backing up the water in Hickory Cree} 
which would cause a flooding of part of the cit: 
the plans provide for closing the present mout 
and diverting the creek into a new channel ou 
side of and parallel with the river embankmen: 
this channel discharging into Lake Joliet below 
the dam. This arrangement is shown on the plar 
The river embankment would be of earth, with t! 
slopes protected by rock-fill toe walls. Conside: 
able advantages are claimed for this scheme )}) 
connection with a future deep waterway from th 
Great Lakes to the Gulf, but there does not appea 
to be any commercial necessity for such a water 
way, or any probability of its being executed. Th 
engineer for the syndicate is Mr. James A. Seddon 
and from a paper read by him before the Illinoi 
River Valley Improvement Association at Joli: 
on Aug. 12 we take the following extracts: 

From the Jackson St. dam to Lake Joliet, in a distan: 
of three miles, there is a total fall of about 22 ft. Th; 
gives some 20,000 HP. with the flow that the channel wil! 
finally carry. The river lies in a narrow channel betwee) 


FIG. 2. LONGITUDINAL SECTION OF ROTARY BEVELING SHEAR. 


of the tubular housing mentioned. By means of 
the upward thrust of this weighted lever and the 
adjusting screw, shown on top of the forward part 
of the main housing, the oblique cutter-shaft can 
be adjusted to the cut desired. Both cutting disks 
are reversible, so that in case of injury to one 
side of the blade, the other side can be used at 
once. This shear can be operated either by belt 


the Illinois & Michigan Canal embankment on one sii: 
and the Sanitary District levee on the other, from th 
State dam down to the mouth of Hickory Creek. Here it 
spreads out in a wide section with low bottom lands on 
each side, and runs down through a number of channels 
with islands between them, until it finally drops into th: 
Lake Joliet level about % mile below the Brandon Road 
bridge. The steepest slope in this river is found in the 
broken channels from Brandon bridge up to the mouth o! 
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Hickory Creek; and the line of South St. (or the southern 
andas? of Joliet) about divides the total fall of 22 ft. 
ss this division of the river. The drainage and the grades 


+ all the lower part of the city of Joliet are ata level, 


which does not allow the waters of Hickory Creek to be 
hacked up to any considerable degree. 

One way of treating this problem is to build the dam 
above the mouth of Hickory Creek, which, of course, can 
: et then back the water up in it. But in order to get the 
power in the lower half of the fall in that case a deep 
channel or tail-race must be cut from the dam down to 
Lake Joliet. The alternative project is to build the dam 
jown at the head of Lake Joliet, with all of this 22 ft. 
of fall above it, and avoid backing the water up in Hick- 
ory Creek by bringing it down to the lake outside of the 
-eservoir. This is done by building an embankment from 
ke dam up the bottom lands on the Hickory Creek side 
at the valley, shutting the creek out from the river above 
nl cutting a channel for it down to Lake Joliet back of 
this embankment. 

rhe dam above Hickory Creek, with a deep cut to Lake 
Joliet, I take it, is now the project of the Sanitary Dis- 
trict. The dam down in the head of Lake Joliet, with an 
embankment up the Hickory Creek bottom and channel 
for the creek back of it is the project of our company. 

The engineering works in these alternative projects 
are a dam and power house in each case, with less height 
for the upper dam and more rock excavation in its power 
house. But the mile of tail-race for the drainage canal 
flow that will bring the Lake Joliet level up to this dam 
is a second drainage channel cut through rock, and the 
excavation from it would more than build the embank- 
ment on the Hickory Creek side called for in the other 
project. In the case of the lower dam, the excavation 
required is only a channel down to Lake Joliet cut 
through the surface soil on a grade that will carry off 
the flow of Hickory Creek, and any additional earth that 
may be needed to build the embankment may be dredged 
out of the head of Lake Joliet, and put on it for 15 cts. 
per cu. yd., against the costly rock excavation in the first 
project. 

The channel that is proposed for Hickory Creek in our 
project is 150 ft. wide, with a fall of about 3 ft. per 1,000 
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Baltimore was chosen as the place of the next meeting 
Mr. J. Adger Smythe, Mayor of Charleston, S. C., was 
elected as president, and Messrs. John McVicar, of Des 
Moines, Ia., and Thos. P. Taylor, of Bridgeport, Conn., 
were re-elected secretary and treasurer, respectively 

The constitution was amended to provide for three 
grades of membership, as follows: 

(1) Active members, who shall include all those holding 
municipal offices and representing cities who have paid 
their annual dues, and who shall be entitled to vote on all 
questions; (2) Honorary members, to include all those 
who have held municipal office and have been members 
of the league, who shall have the privilege of the floor, but 
not be entitled to vote; (3) Associate members, who shall 
inciude the editors of municipal journals, individuals and 
firms engaged in making municipal necessities, without 
power to vote, but who shall pay an annual fee of $10, for 
which they shall be entitled to exhibit their machinery 
on the floor or adjacent to the convention. 

MUNICIPAL OWNERSHIP AND HOME RULE. 

This was the topic of the presidential address, delivered 
by Mr. Chas. S. Ashley, Mayor of New Bedford, Mass. 
Competition between public service corporations, he de- 
clared, results in consglidations and eventually the con- 
sumers must pay all the bills. Attempts at public regula- 
tion of franchise companies are farcical. Notwithstanding 
these assertions, and equally emphatic ones regarding the 
lack of municipal home rule in Massachusetts, Mr. Ashley 
cited instances which seemed to show that New Bedford 
has coped unusually well with several franchise corpora- 
tions, having secured material reductions in the cost of 
street lighting; three-cent street railway fares for work- 
ingmen, together with a gross sum for widening streets 
and annual contributions to the city treasury, and the 
introduction of telephone service by the Automatic Tele- 
phone Co., followed by reduced rates on the part of the 
Bell Co. 

TAXATION AND TRANSPORTATION IN THEIR RE- 
LATION TO MUNICIPAL GOVERNMENT. 

Mr. J. M. Head, Mayor of Nashville, Tenn., dwelt at 
scme length upon the surrender of the power of taxation, 
by the federal, state and municipal governments alike, to 
private individuals and corporations. He asserted that in 
nearly every city of 50,000 inhabitants in the United States 
the street railways are controlled by one company and that 


Ground 
ne Level. 


< /50 
ion [Hickory Creek Channe// 
Section A-8. 


Foch Fill. 
Hickory Creek Channel 


Section C-D. 


Hickory Creek Diversion 


‘land Power House 


+ CREEW 


Pian 


Ola Embankment 


Profile of 


Syndicate Reservoir 


TPF V Bock 


Sections of Embankment and Excavation for 


Canadian organization seems to be to secure legislation in 
the interests of the municipdlities, and it is felt that a 
good beginning has already been made 
THE MUNICIPAL CONTRACT SYSTEM 

Arguments for doing municipal work by contract, a 
description of the work of the Board of Awards in Balti 
more, and instances of reduced contract prices in that 
city, were presented by Mr. Thos. G. Hayes, Mayor of 
Baltimore. The Baltimore plan* vests all contract awards 
in a board composed of the mayor, comptroller, register, 
solicitor, and president of the second branch of the city 
council. The department for which the work is to be don: 
prepares the specifications and submits them to the board 
for amendment and approval. Mr. Hayes declared that th: 
plan is death to the spoils system and gives all the ad 
vantages due to having employees working for a privat: 
employer, instead of the henchman of a political boss 
The instances of reduced prices under the board tnelud 
the following: $90.92 instead of $127.75 each for electri 
lights; $14.15 against $23.84 for gas lamps; $148,000 per 
annum for garbage collection and disposal, against $177,- 
SOO. The latter price was the cost for the work done by 
the city, and with makeshift disposal, while the contractor 
must construct and operate a disposal plant 

STREET CLEANING IN DETROIT 

The way in which Detroit has achieved a reputation for 
its street cleaning work was described in a paper by Mr 
D. W. H. Moreland, Commissioner of Public Works. The 
central portion of the city is cleaned by about one hundred 
“white wings,’’ with brooms, shovels and push carts. The 
work in the rest of the city is done by ward gang Dur 
ing the year ending June 30, 1902, a total of $158,000 coy 
ered all expenses, including new machine sweepers and 
hand tools, for cleaning {10 miles of streets and alleys 
divided as follows: 286 miles of paved streets and 20 mile 
of paved alleys; 276 miles of unpaved streets and 32S mile 
of unpaved alleys; or 306 miles of paved and 604 mile 
of unpaved streets and alleys. Litter barrels and “Don't 
Spit’’ signs, together with the co-operation of merchants, 
have played an important part in the work of keeping the 
streets clean. Five ‘‘cast iron rules’’ and a ‘‘fair amount 
of money” will enable any city to keep its streets clean, 
the rules being: 
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MAP SHOWING APPROXIMATE LOCATION OF RIVAL WATER POWER PROJECTS AT JOLIET, ILL. 


ft. This is % of the width and 1% times the slope of the 
channel cut by the Sanitary District below the Jackson 
St. dam for the combined flow of the drainage canal and 
the flood waters of the Des}Jaines River. Thfs channel at 
its head will draw the natural flood level of the creek 
down at least $ ft. 


ANNUAL MEETING OF THE LEAGUE OF AMERICAN 
MUNICIPALITIES. 


The sixth annual convention of this organization was 
held at Grand Rapids, Mich., Aug. 27, 28 and 29. Mr. 
John MacVicar, Secretary, reported that during the year 
nine new cities had joined the league and two had been 
reinstated. Withdrawals had been but few. The treasurer 
reported receipts of $2,935 and disbursements of $2,727. 


company controls the city government. Worse yet, he 
maintained that of late these consolidations have been 
coming under the control of one man, responsible neither 
to the government nor the public. As a remedy, Mr. 
Head advocated home rule for cities and the resumption of 
taxation by them; the latter, it may be inferred, to be ef- 
fected largely through municipal ownership. 
CANADIAN MUNICIPAL CONDITIONS. 

Mr. W. D. Lighthall, Mayor of Westmount, Que., pointed 
out the similarities between municipal conditions in the 
United States and Canada, with the exception of the 
greater freedom from party politics, and longer tenure of 
office in Canada. He strongly favored municipal ownership 
and outlined the scope of the Union of Canadian Munici- 
palities, organized a year or so ago, and which is to hold 
a meeting at Montreal on Sept. 15. The chief object of the 


(1) Study the problem of street cleaning. (2) Buy only 
the best machinery and tools. 3) Employ only good 
teams and able-bodied men. (4) Eliminate politics. (5) 
Keep “‘humping.’’ 

During \he past winter snow removal was greatly fa- 
cilitated by dumping snow, slush, and even cakes of ice 
through large manholes into a 9-ft. sewer 25 to 37 ft 
below the surface of the street, there to be melted or 
earried away to the river. 


STREET PAVING IN BALTIMORE 


A paper on this subject was read by Mr. Benj. Fendall, 
City Engineer of Baltimore. The first pavements were of 
cobblestone, put down about the time of the American 


*See editorial discussion of this plan in our issue of 
Nov. 24, 1898, and also a letter from a Baltimore corre- 
spondent, in our issue of Dec. 8, 1Sfs, 
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Kevolution. A large amount of this material is still in 
use. Granite blocks on sand cost about $2 per sq. yd., and 
are relaid for 35 cts. Experience has not yet shown 
whether fire-clay or shale-brick pavements are preferable 
in Baltimore. About ten miles of asphalt block has proven 
satisfactory, being less slippery and less expensive to 
maintain than sheet asphalt, while at the same time having 
all the good qualities of that material. Recent improve- 
ments in manufacturing asphalt blocks will probably re- 
sult in a more durable and less expensive product. A small 
area of creo-resinate wood block pavement was laid last 
year and a little more is being put down this year. ‘The 
Warren bituminous macadam has not been tried, but is 
under favorable consideration. 

By far the most notable part of Mr. Fendall’s paper was 
a suggestion that the league take steps to formulate a 
standard price, or prices, for sheet asphalt pavement, 
based on the proper unit values, and then ask the mu- 
nicipalities of the whole country to consider the advisabil- 
ity of fixing the maximum price for such pavement in each 
city. The author did not know as the plan was prac- 
ticable, but was certain that a check on the asphalt 
monopoly is needed when Washington is getting asphalt 
for $1.56, Baltimore pays 50% more, and other cities 100% 
higher. At Baltimore the cost of sheet asphalt has ranged 
from $1.52 to $3.50 per sq. yd., the lowest figure being 
paid to the Alcatraz Co. before it was absorbed by the 
trust. 

GAS LEAKAGE IN CITIES. 

This paper was by Mr. Jas. C. Bayles, an engineer who 
has written a number of articles and papers, of late, on 
the relation of gas leakage to health, fire risks and 
general economics. The author re-stated some of his ideas 
on the subject, suggesting, in this case, pipe galleries as a 
“solution for this anxious municipal problem.'’ The au- 
thor stated that gas leakage in this country is 10 to 30% 
of the total gas output, and that besides being ever ready 
to cause disastrous explosions and fires, an¢ besides so 
contaminating the air of dwellings as to undermine health, 
it is causing rapid and complete destruction of asphalt 
pavements. Still further, as municipal officials know too 
well, excavations to get at leaky mains is working ruin to 
all classes of pavements. 

Quite a number and variety of other papers were pre- 
sented, including discussions of municipal administration 
in Germany, the fire department of Baltimore and city 
playgrounds. 


STATISTICS CF RAILWAYS IN THE UNITED STATES 
FOR THE YEAR ENDING JUNE 30, 1901. 

The operations of railways in the United States 
for the year ending June 30, 1901, are summarized 
in a preliminary statement recently issued by the 
statistician of the Interstate Commerce Comm:‘s- 
sion. We abstract the following information of 
interest from this statement: 


MILEAGE.—On June 30, 1001, the total single-track 
railway mileage in the United States was 197,237 miles, 
this mileage having increased during the year 3,891 miles. 
This increase is greater than that for any other year since 
1803, excepting 1900, when it was 4,051 miles. The 16 
states and territories for which an increase in mileage in 
excess of 100 miles is shown are as follows: Alabama, 
Colorado, Georgia, Illinois, Indiana, lowa, Louisiana, 
Minnesota, Mississippi, Pennsylvania, South Carolina, 
South Dakota, Texas, West Virginia, Indian Territory and 
Oklahoma. Including tracks of all kinds, the aggregate 
railway mileage was 265,366.29 miles, which was classified 
as follows: Single track, 195,570 miles; second track, 12,- 
845 miles; third track, 1,153 miles; fourth track, 876.13 
miles, and yard track and sidings, 54,919.86 miles. From 
these figures it is noted that there was an increase of 
6,581.99 miles in the aggregate length of all tracks, of which 
~.766.84 miles,or 42.08%, were due to the increase in yard 
track and sidings. The number of the railway corpora- 
tions included in the report was 2,057. 

EQUIPMENT.—On June 30, 1901, there were 39,584 loco- 
motives in the service of the railways, which was 1,921 
more than were in use the preceding year. Of the total 
number 10,184 are classed as passenger locomotives, 22,- 
S39 as freight locomotives, 5,959 as switching locomotives, 


the remainder, 602, not being classified. The total number . 


of cars of all classes in the service of the railways on the 
éate stated was 1,550,833, there having been an increase 
of 99.995 in rolling stock of this class. Of the total num- 
ber of cars, 35,969 are assigned to the passenger service, 
1,464,328 to the freight service, and 50,536 to the im- 
mediate service of the railways. These figures, however, 
do not include cars owned by private companies and firms 
that are used by railways, as no returns for them are 
made to the commission. 

It appears that the railways of the United States used 
on an average 202 locomotives and 7,926 cars per 1,000 
miles of line, that 59,681 passengers were carried and 
1,704,005 passenger miles accomplished per passenger loco- 
motive, and that 47,692 tons of freight were carried and 
6,439,736 ton miles accomplished per freight locomotive. 
Embracing in the term ‘‘equipment’’ both locomotives and 
ears, it is noted that the total equipment of railways at 
the end of the year was 1,500,417. Of this number 


1,164,048 were fitted with train brakes, the increase in this 
item being 158,319, and 1,549,840 were fitted with auto- 
matic couplers, the increase being 145,708. Nearly all 
locomotives and cars in the passenger service were fitted 
with train brakes, and of 10,184 locomotives assigned to that 
service 8,870 were fitted with automatic couplers. Prac- 
tically all passenger cars were fitted with automatic 
couplers. Regarding freight equipment, it is observed that 
nearly all freight locomotives were equipped with train 
brakes and 89% of them with automatic couplers. Of 
1,464,328 cars in the freight service, 1,071,758 were fitted 
with train brakes and 1,434,075 with automatic couplers. 

EMPLOYEES.—The number of persons in the employ- 
ment of the railways of the United States as reported for 
June 30, 1901, was 1,071,169, or an average of 548 em- 
ployees per 100 miles of line. As compared with June 30, 
1900, the number of employees increased 53,516, or 19 per 
100 miles of line. The classification of these employees 
shows that 45,202 were enginemen, 47,166 firemen, 32,092 
conductors, and 84,498 other trainmen. There were 47,576 
switchmen, flagmen, and watchmen. Omitting 3,107 em- 
ployees not assigned to any of the four general divisions 
of employment, it appears that the services of 38,816 em- 
ployees were required for general administration, 343,717 
for maintenance of way and structures, 206,418 for main- 
tenance of equipment, and 479,111 for conducting trans- 
portation. The amount paid in salaries and wages to em- 
ployees during the year ending June 30, 1901, it is seen, 
was $610,713,701, which was $33,448,860 in excess of what 
was paid during 1900. The compensation of the railway 
employees for 1901 is equivalent to 59.27% of the operat- 
ing expenses of the railway companies and 38.44% of their 
gross earnings. 

CAPITALIZATION AND VALUATION.—The amount of 
railway capital outstanding on June 30, 1901, was $11,- 
688,177,991. This amount, on a mileage basis, represents 
a capitalization of $61,528 per mile of line. Of the total 
capital stated, $5,806,507,104 existed in the form of stock, 
of which $4,475,459,721 was common stock and $1,331,- 
157,383 preferred stock. The amount which existed in the 
form of funded debt was $5,881,580,887. The amount of 
capital stock paying no dividends was $2,829,021,925, or 
48.73% of the total amount outstanding. Omitting equip- 
ment trust obligations, the amount of funded debt which 
paid no interest was $361,905,203. Of the stock paying 
dividends 8.82% of the total amount outstanding paid 
from 1 to 4%, 13.37% paid from 4 to 5%; 10.47% paid from 
5 to 6%; 8.71% paid from 6 to 7%, and 6.67% paid from 
7 to 8%. The amount of dividends declared during the 
year was $156,735,784, which is equivalent to a dividend 
of 5.26% on the amount of stock on which some dividend 
was declared. The amount of dividends declared in 1900 
was $139,597,972. 

PUBLIC SERVICE.—The number of passengers carried 
during the year ending June 30, 1901, as shown by the 
annual reports of railways, was 607,278,121, showing an 
increase for the year of 30,412,891. The number or pas- 
sengers carried one mile—that is, passenger mileage—was 
17,353,588,444, there being an increase in this item of 
1,314,581,227. There was an increase in the density of 
passenger traffic, as the number of passengers carried one 
mile per mile of line in 1901 was 89,721, and in 1900, 
83,295. The number of tons of freight carried during the 
year was 1,080,226,440, a decrease of 12,453,798 being 
shown. The number of tons of freight carried one mile— 
that is, ton mileage—was 147,077,136,040. The increase in 
the number of tons carried one mile was 5,477,978,770. 
The number of tons carried one mile per mile of line 
was 760,414. These figures show an increase in the den- 
sity of freight traffic of 25,048 tons carried one mile per 
mile of line. The average revenue per passenger per mile 
for the year ending June 30, 1901, was 2.013 cts. For the 
preceding year it was 2.003 cts. The revenue per ton of 
freight per mile was 0.750 ct., while for 1900 it was 0.729 
et. An increase in earnings per train mile appears for 
both passenger and freight trains. The average cost of 
running a train one mile also increased. The percentage 
of operating expenses to earnings was 64.86%. 

EARNINGS AND EXPENSES.—For the year ending 
June 30, 1901, the gross earnings from the operation of 
the railways in the United States arising from the opera- 
tion of 195,570.92 miles of line were $1,588,526,037, being 
$101,481,223 more than for the fiscal year 1900. The 
operating expenses were $1,030,397,270, having increased 
in comparison with the year preceding $68,968,759. Gross 
earnings were in detail as follows: Passenger revenue, 
$351,356,265—increase, as compared with the preceding 
year, $27,640,626; mail, $38,453,602—increase, $701,128; 
express, $31,121,613—increase, $2,705,463; other earnings 
from passenger service, $8,202,982—increase, $41,960; 
freight revenue, $1,118,543,014—increase $69,286,691; other 
earnings from freight service, $4,065,457—increase $719,- 
545; other earnings from operation, including unclassified 
items, $36,783,104—increase, $385,810. Gross earnings from 
operation per mile of line were $401 more than for the 
year ending June 30, 1900, being $8,123. 

The operating expenses of the railways already stated 
were distributed among the four general divisions as fol- 
lows: Maintenance of way and structures, $231,056,402— 
increase, $19,836,081; maintenance of equipment, $1990,- 
299,560—increase, $9,125,680; conducting transportation, 


$565,265,789—increase, $36,149,463; general expe: 

566,553—increase, $3,237,788; undistributed, s) 
The operating expenses amounted to $5,269 pe: 
line, or $276 more than for the year immediately ;: 

The income from operation, or the net earn); 
$558,128,767, this item showing an increase as ; 
with the previous year of $32,512,463. The averas: 
of net earnings per mile of line for the year end 
30, 1901, was $2,854, and for 1900, $2,729. The an 
income received from sources other than operat 
$179,746,449. Included in this amount are th: 
ing items: Income from lease of road, $111,637,(«); 
dends on stocks owned, $28,822,788: interest o; 
owned, $12,055,312, and miscellaneous income, $27 
The total income of the railways, $737,875,215—tha: 
income from operation, increased by income fro: 
»ources—is the item from which fixed charges and 
ous items are deducted in order to ascertain the a 
available for dividends. The total deductions of thi 
acter amounted to $496,563,898, leaving $241,511,217 
net income for the year available for dividends or sy 

The amount of dividends declared during the yea; 
eluding $10,752 other payments from net income, 
$156,746,536, leaving as the surplus from the opera 
of the year ending June 30, 1901, $84,764,781. Th. 
plus for the year 1900 was $87,657,933. In the a; 
stated for deductions from income, $496.363,808, arc 
braced the following items: Salaries and maintenan 
organization, $532,209; interest accrued on funded 
$262,094,838; interest on current liabilities, $5,526 
rents paid for lease of.road, $112,644,822; taxes, $50.5); 
372; permanent improvements charged to income accu: 
$31,939,761; other deductions, $32,681,234. 

RAILWAY ACCIDENTS.—The total number of casu 
ties to persons on account of railway accidents, as sh 
for the year ending June 30, 1901, was 61,794, the num). 
of persons killed having been 8,455 and the number 
jured 53,339. Of railway employees, 2,675 were killed 
41,142 were injured. These casualties were distributed 
among three general classes of employees, as follow 
Trainmen, 1,537 killed, 16,715 injured; switchmen, flac 
men, and watchmen, 175 killed, 1,190 injured; other em 
ployees, 963 killed, 23,237 injured. The casualties to en 
ployees resulting from coupling and uncoupling cars w: 
employees killed, 198, injured 2,768. The correspondin: 
figures for the year 1900 were killed, 282, injured, 5.225 
The casualties connected with coupling and uncoupling 
cars are assigned as follows: Trainmen killed, 163, injured, 
2,377; switchmen, flagmen, and watchmen killed, 25, | 
jured, 284; other employees killed, 10, injured, 107. Th 
casualties due to falling from trains, locomotives, or ca: 
in motion were trainmen killed, 376, injured, 3,147 
switchmen, flagmen, and watchmen killed, 26, injured 
222; other employes killed, 61, injured, 452. The casu 
ties due to jumping on or off locomotives or cars in motio: 
were trainmen killed, 65, injured, 1,983; switchmen, fiag 
men, and watchmen killed, 11, injured, 144: other en 


_Ployees killed, 60, injured, 423. The casualties to th 


same three classes of employees from collisions and & 
railments were trainmen killed, 464, injured, 2,50s. 
switchmen, flagmen, and watchmen killed, 11, injured, s1, 
other employees killed, 60, injured, 566. 

The number of passengers killed during the year wa 
282 and the number injured 4,988. The corresponding 
figures for the previous year were 249 killed and 4,128 in 
jured. As a result of collisions and derailments 110 pas 
sengers were killed and 2,208 injured. The total number 
of persons other than employees and passengers killed was 
5,498; injured, 7,209. These figures include casualties to 
persons classed as trespassers, of whom 4,601 were killed 
and 4,858 were injured. The total number of casualties to 
persons other than employees from being struck by trains 
locomotives, or cars were 4,135 killed and 3,905 injured 
Casualties of this class occurred as follows: At highway 
crossings—passengers killed, 3, injured, 11; other person 
killed, 828, injured, 1,343; at stations—passengers killed 
21, injured, 344; other persons killed, 378, injured, 55:3); 
and at other points along track—passengers killed, 6, in 
jured, 27; other persons killed, 2,899, injured, 1,717. Th: 
summaries giving the ratio of casualtiesshow that 1 out « 
every 400 employees was killed and 1 out of every 26 em 
ployees was injured. With reference to trainmen—includ 
ing in this term enginemen, firemen, conductors, ani 
other trainmen—it is shown that 1 was killed for ever 
136 employed and 1 was injured for every 13 employed 
One passenger was killed for every 2,153,469 carried and |! 


injured for every 121,748 carried. Ratios based upon the 


number of miles traveled, however, show that 61,537,54> 
passenger miles were accomplished for each passenge 
killed and 3,479,067 passenger miles accomplished for eac! 
passenger injured. The corresponding figures in the 
latter ratios for the year ending June 30, 1900, were 6+ 
413,684 and 3,885,418 passenger miles for each passeng: 
killed and each passenger injured, respectively. 


URALITE: A NEW FIREPROOFING MATERIAL. 


Uralite is a new fire-resisting substance no 
being put upon the market by the Biitish Urali' 
Co., Ltd., with works at Higham, near Grave 
end, England. It is a kind of asbéstos mill boar 
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hardened by baking until it has a metallic ring 
struck. 
Bone pect of uralite is asbestos, mixed with 
whiting. The total thickness of a uralite sheet, 
is obtained by building up successive layers, each 
about 1-50-in. thick, on a special mill board ma- 
chine, until a standard thickness of 3-32-in. is 
secured. After the first layer is finished on the 
collecting roller, a felt roller is brought into con- 
tact with the film and moistens it with a mix- 
ture of waterglass and sodium bicarbonate in 
solution; this solution cements the layers together 
in suecession, and the finished sheet is finally cut 
into pieces about 6 ft. 2 ins. by 3 ft. l in. These 
moist cut sheets are built into a pile separated 
by a wire mat, or a sheet of iron plate, alter- 
nating, until the total height of the pile is about 


which our description of the manufacture has 
been taken. ‘These tests so thoroughly establish 
the fire-resisting qualities of uralite that it is 
now being used by the Liverpool Overhead Rail- 
way for covering wooden station platforms. It 
was tested with four doors of different makes, 
closing openings in a small building, which "was 
then: half-filled with burning timber. One door 
was wood covered with tinplate; another door 
had this tin covered with a couple of layers of 
uralite nailed on; and in another the uralite alone 
was used to protect the wood. In both the latter 
cases the doors stood well, letting no flame 
through in a test lasting 1%4 hours, and with a 
heat of 2,850° Fahr. A wooden deed-box, pro- 
tected inside and out by sheets of uralite, with- 


stood a similar fire 145 hours. On opening this 


tion works. All the hoisting is done with compressed 
air, as is also the lifting of all the water, which is taken 
from the 600-ft. level In addition to this work, seven 
3ty-in. drills are supplied with air from the same com 
pressor The total power bill for January, 1902, was 
$1,457.50, including the cost of the wood used for reheat 
ng purposes, which makes the power cost per ton of ore 
milled to be 21 cts., including all power charges 

The engraving herewith shows the arrangement of com- 
pressor and receivers that have given such excellent ser 
vice at the Lightner Mine It will be observed that a 
check valve is placed in the relief pipe, between the mine 
receivers and the boilers. Any excess of air flows through 
check valve into the boilers, and the air that is used for 
hoisting is all taken from the reheating boiler; the air 
passing into this boiler enters through a perforated pipe 
which is submerged about 6 ins. below the surface of the 
hot water This arrangement permits all of the air to 
come in contact with the hot water, and is very rapidly 
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ARRANGEMENT OF BOILER PLANT FOR REHEATING COMPRESSED AIR. 


40 ins. This pile is placed under a hydraulic 
press, and the pressure is slowly increased until 
it amounts to 200 Ibs. per sq. in. at the end of 
half an hour; this pressure is maintained for 1% 
hours, and the pile is left to harden for 24 hours, 
after which it is taken to the stoving-room. 

The sheetS are now piled, with the edges verti- 
cal, on trucks with each sheet kept separate by a 
skeleton frame of wrought iron 1%4-in. thick, to 
permit the escape of moisture. The trucks are 
run into a stove, 138 ft. long by 5% ft. wide by 
7 ft. high, and the baking is earried on very slow- 
ly. To this end there are three series of these 
stoves, one over the other; they are heated by a 
flue passing along the bottom of the entire length 
of the stove. The heat is obtained from a burner 
at one end of the flue, using producer gas as a 
fuel. In the upper stove the temperature ranges 
from 20° C. at one end to 75° C. at the burner 
end. The trucks enter at the coal end and take 
24 hours in passing through this stove; in the 
middle stove the temperature is 35° to 120° C., 
and again 24 hours is consumed in_ passing 
through; and in the bottom stove, the temperature 
is 100° to 250° C. and the time of transit 24 
hours, 

On leaving the last stove the truck load of 
sheets is wheeled to the chemical house, where it 
is lowered bodily into an empty tank, and this 
tank is filled from below with a solution of so- 
dium silicate, in which it remains for 2 hours. It 
is then removed, allowed to drain for one hour 
and again passes to the low temperature stove 
and remains there 36 hours. The sheets are then 
brought back to the chemical house and dipped 
in a solution of bicarbonate of soda, and remain 
in this solution for 24 hours. On rew=oval the 
sheets are washed for 2 hours, drained for an 
hour, and then again passed through the series 
of stoves. The sheets are now pretty hard, but 
to improve them they are again treated in the sil- 
icate and bicarbonate tanks, washed in hot and 
in cold water, and subjected to a final stoving. 
In this last operation about 90 sheets are piled 
up with the gauze and iron plates as before, and 
to keep them flat each pile is loaded with*5S or 6 
ewt. of cast iron. After the final stoving the 
sheets are immersed in a solution of calcium 
chloride, and the soda remaining in the sheets is 
thus completely removed. 

The uralite thus prepared can be planed, sawed 
or cut; it takes glue well; and will not split under 
nailing. The sheets weigh from 10 to 11 oz. 
per sq. ft. 

Tests of this new material have been made by 
the British Fire Prevention Committee, and these 
are reported in “Engineering” of Aug. 15, from 


box the papers inside were completely free from 
all signs of charring. 

The present works turn out about 5 tons of 
finished material per day; but this output can be 
largely increased. They also make a soft uralite, 
which is a better insulator and is an excellent 
material for forming steam or water joints. The 
cost of uralite is not given in “Engineering,” but 
another English journal says it is about equal to 
the cost of galvanized iron. 


REHEATING AIR FOR A COMPRESSED AIR MINE HOIST 
DRIVEN BY ELECTRIC POWER.* 


: By C. O. Poole,j M. Am. Inst. Elec. E. 

The mine superintendent takes kindly to the electric 
motor for all purposes except for hoisting, and to my 
mind his exception is well taken, for until a simple, better 
and more reliable electrical hoist is developed, I will hes- 
itate to recommend them to a customer. .In my opinion, 
compressed air is going to be universally used for hoist- 
ing purposes, where cheap electric power is obtainable 
and when an air compressor is required for other purposes 
in the mine. In the ordinary use of a compressor at a 
mine, it is not used to its rated capacity more than 40% 
of the time. If, then, receiver capacity be available to 
store the air at times of light demand upon the compressor 
by the drills, and thus enable the compressor to be 
operated at full load all the time, the motor and compres- 
sor would be run at their highest efficiency, and sufficient 
air could be stored to operate the hoist under ordinary 
conditions, and quite efficiently, too, by reheating the 
air. It is not generally known that a pound of coal used 
for reheating air will produce a horse-power hour, while 
it requires from 4 to 5 lbs. of coal to give the same result 
with steam; but such is the case if the air be used in an 
engine fitted for the purpose. : 

But, for the sake of argument, let us suppose that we 
use the air without reheating, and assume that air and 
steam are equal as far as expansive effects are concerned; 
then, if electric power costs $6.50 per HP. per month, and 
the compressor has an efficiency of 60%, the cost for air 
delivered to the engine will be $10.83, and by using a small 
amount of fuel for reheating, these results can be far ex- 
ceeded. 

At the Lightner Mine, Calaveras county, Cal., electric 
power has been used exclusively for several years. A 
150-HP motor drives a two-stage compressor 13 x 21 x 22- 
in. stroke, and running at 75 revs. per min. The saw- 
mill, a pump and a blower are elso driven by the same 
motor, The relief pipe from the air receivers is connected 
to the steam boilers, two of which act as additional re- 
ceivers, and another one of them being used as a reheater. 
About one cord of wood is burned per day in reheating. 
There is operated a 60-stamp mill, which is driven by a 
100-HP. induction motor; a 20-HP motor drives the rock 
crusher, and a 5-HP. motor is used for operating a tel- 
pherage system for carrying sulphurets to the chlorina- 


*Extract from a paper read at the Sixth Annual Con- 
vention of the Pacific Coast Electric Transmission Asso- 
ciation. 

*Manager Standard Electric Co., San Francisco, Cal. 


heated. As air is drawn from this boiler by the regular 
steam pipe, and the pressure is lowered, air from the other 
boilers and receivers immediately flows in, thus utilizing 
all of the receiver capacity for the hoist during moments 
of heavy demand. Between skips, the compressor has 
time to recharge the receivers. 

With an installation of this kind properly proportioned 
as regards motor, compressor and receiver capacities, to 
my mind, it leaves little to be desired from the point of 
economy, convenience and reliability. 

At the present time there are several large compressed 
air plants in course of erection in Amador county, all of 
which are to be electrically driven, and reheated air is to 
be used for hoisting. 


CRENOTHRIX AS A SOURCE OF TROUBLE IN PUBLIC 
WATER SUPPLIES. 

Crenothrix in public water supplies has long 
been known to give serious trouble through the 
precipitation of iron. It now appears that the 
same organism occasionally precipitates alumi- 
num and, rarely, manganese, An_ interesting 
study of the subject has just been made available 
in this country by a reprint from ‘‘The Journal of 
Society of Chemical Industry” for May 31, 1902, 
of a paper by Mr. Daniel D, Jackson, on “The Pre- 
cipitation of Iron, Manganese and Aluminum by 
Bacterial Action.” 

Crenothrix is found chiefly in ground waters de- 
ficient in dissolved oxygen, and at the same time 
containing the salts which it precipitates. The 
organismalsoseemstobe favored by “the presence 
of much organic matter, the absence of light, and 
the presence of carbonic acid.” At Berlin, in 
1878, wells sunk near Lake Tegel had to be 
abandoned on account of iron due to Crenothrix, 
and at Rotterdam, in 1887, filters treating water 
from the River Maas had to be abandoned for a 
like cause. Water from streams largely fed by 
ground water, and from filters so operated as to 
give a deficiency of dissolved oxygen, are Mable to 
suffer from Crenothrix, and the dead ends of 
water mains may become a fruitful place for the 
growth of the organism. 

The general appearance of Crenothrix is de- 
scriber by Mr. Jackson as follows: 


The growth of Crenothrix, wherever it occurs in water, 
causes a disagreeable turbidity which may be yellowish 
white, yellow, red, brown, or black. It may be stringy in 
appearance, but usually occurs in flocculent masses, which 
in time settle to the bottom of the bottle in which the 
water may be collected. Under the microscope these masses 
are shown to consist largely of an organic growth com- 
posed of long strings of bacteria, inclosed in a gelatinous 
sheath in which is imbedded the precipitated metallic 
hydrate. 


The three species of Crenothrix are found in 
waters high in iron, aluminum or manganese, 
and it is probable that the aluminum “must be 
present in the form of sulphate or in combination 
with carbonic acid and organic matter.” Creno- 
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thrix kiihniana precipitates iron, the organism 
being “red or reddish brown in appearance.” 
Crenothrix ochracea (formerly known as Lepto- 
prix ochracea) precipitates aluminum, the color 
of the organism being “‘white to yellowish white,” 
or ochre, “as it nearly always precipitates some 
iron with the aluminum,” Crenothrix manganifera 
precipitates manganese, and “is dark brown or 
black in appearance.” As yet, it has been found 
in but two localities, in the Neponset River and 
in the Newton filter galleries, both in Massachu- 
setts. ~ 

Chemical analyses of the material precipitated 
by these organisms 


how that about one-third of the entire dried precipitate 
consists of the special oxide which the species throws 
down in the form of hydrate; another third or more con- 
ists of organic matter, and is chiefly that which is the 
living portion of the organism; while the remainder, which 
may be merely accidental and not a true constituent, 1s 
largely silica and aluminum silicate. 


The paper closes with the following theoretical 
and practical conclusions: 
THEORETICAL CONCLUSIONS. 


(1) Each of the three species seems to use a selective 
power in precipitating the special oxide ascribed to it, 
and about one-third of its dry body weight is composed of 
the oxide selected, whether it be of iron, manganese, or 
aluminum. 

(2) Crenotbrix kihniana is very common because iron 
in quantity is a common constituent of water; Creno- 
thrix ochracea is rather uncommon because aluminum sul- 
phate or aluminum combined with carbonic acid and or- 
ganic matter is uncommon in water; Crenothrix mangani- 
fera is very rare, because manganese seldom occurs in 
ufficient quantity in water to produce a noticeable growth 
of the organism 

(3) The gvewth of all three species is due to the lack of 
oxygen, with a consequent reducing action in the soil or 
water. This reducing action may be produced by stagna- 
tion in the bottom of ponds or by improper or too rapid 
filtration in wells or filter galleries, thus causing the 
solution of iron, manganese, or aluminum from the soil. 
These, combined with organic matter, seem to furnish the 
food material for the organisms, whilst the oxides of iron, 
manganese or aluminum which are precipitated in their 
gelatinous sheaths are the dross of the operation. 


PRACTICAL CONCLUSIONS 


(1) Keep the water of wells and filter-galleries as thor- 
oughly aerated as possible, and blow off the dead ends of 
pipes frequently when there is danger of the loss of dis- 


solved oxygen. The Crenothrix in the latter case takes its 
iron from the pipes themselves. 

(2) Avoid driving wells through large deposits of peaty 
matter 

(3) Avoid driving wells or filter-galleries too close to the 
shores of ponds or streams having large deposits of 


organic matter on their banks 

(4) Avoid pumping too heavily from any wells or filter- 
galleries, as the conditions are often thus produced which 
are favorable to disastrous growths of Crenothrix 


REPORT OF THE BRITISH ADMIRALTY COMMITTEE ON 
NAVAL BOILERS. 


Just two years ago the British Admiralty au- 
thorities appointed an expert commission to inves- 
tigate the working of Belleville water-tube boilers 
in the British Navy, and report in general as to 
the relative merits of Scotch boilers and water- 
tube boilers for naval use, and as to the types 
of water-tube boilers worthy of trial or adoption. 

As many of our readers will remember, the 
Belleville water-tube boiler—a French invention— 
has been very extensively introduced in the Brit- 
ish Navy during the past half-dozen years, and 
most of the newest and best vessels are equipped 
with it. It encountered strong opposition from the 
first, and later, when experience with the Belle- 
ville boiler developed a number of serious defects, 
the criticisms of the Belleville boiler became so 
severe that the subject gave rise to heated dis- 
cussions in Parliament, until finally the appoint- 
ment of a special commission was determined 
upon. 

We print the report of this Commission below, 
together with an additional report signed by Mr. 
John List, of the Commission, the Superintending 
Engineer of the Castle Line of steamships. It will 
be seen that the Commission favored the water- 
tube boiler for naval purposes, but practically 
condemn the Belleville boiler. Perhaps the most 
important recommendation of the committee is 
the equipment of large cruisers and battleships 
with both cylindrical and water-tube boilers, the 
former to be used for all ordinary cruising and the 
latter for use only when the full power of the ves- 
sel is required. It is likely that this practice will 
be generally adopted in future naval construction. 

The report follows: 


1. The committee desires now to approach their Lord- 
ships with a report, intended to be as nearly final as the 
circumstances, of the case will permit, in regard to some 
of the questions raised in the Letter of Reference, dated 


Sept. 6, 1900, and their Lordships’ letter of Feb. 28, 1901; 
although, for reasons which are afterwards stated, they 
are not in a position to ‘‘authoritatively recommend a 
standard boiler for the use of H. M. Navy,”’’ as requested 
in the letter of Feb, 28, 1901. 

WORK DONE BY THE COMMITTEE. 


2. The work done by the committee has been as follows: 

TWe investigation of the behavior of water-tube boilers 
in British and foreign navies and in mercantile vessels, 
by visiting many ships in these services, and by obtaining 
evidence from Admiralty and dockyard officers; from a 
representative of the Board of Trade; from superintending 
engineers who have had experience with the design and 
up-keep of such boilers; from makers of these boilers 
and from officers entrusted with the care of them. 

The supervision of trials in H. M. ships ‘‘Europa,”’ ‘‘Dia- 
dem,” and ‘‘Minerva,"’ the Cunard steamship ‘‘Saxonia,"’ H. 
M. ships ‘Hyacinth,’ “Sheldrake,” “Espieg:e,”’ ‘‘Fan- 
tome,"’ and ‘‘Seagull.’’ 

The consideration of a large number of different types of 
water-tube boilers; and in cases where water-tube boilers 
of types intended for use on shipboard have been under 
steam on shore, inspections of them have been made, and 
their behavior enquired into. » 

The examination of the engine-room registers of 15 of 
His Majesty's ships fitted with Belleville boilers and 11 
fitted with cylindrical boilers, for the period Jan. 1, 1901, 
to Sept. 30, 1901, in order to ascertain the relative econ- 
omy and efficiency of these boilers on active service. 

They have arranged for the reboilering and the neces- 
sary machinery alterations of the ‘‘Medea’’ and the ‘‘Me- 
dusa,’’ for the purpose of obtaining experience with two 
types of boilers, the Yarrow large-tube and the Diirr, 
which had not been previously fitted in H. M. Navy. 

Further, such questions as have been put to them by 
their Lordships from time to time have been answered. 

3. The records of their inspections of the evidence, and 
of the results of the trials, together with the deductions 
from them, have been forwarded for their Lordships’ in- 
formation in the following documents: 

The Interim Report, forwarded Feb. 19, 1901. 

The Minutes of the Evidence given before the committee, 
together with the Appendix thereto, forwarded April 26, 
1901. 

The report on the trials of ‘‘Hyacinth,’’ ‘‘Minerva,’”’ and 
“Saxonia,’’ together with the summary of conclusions, 
forwarded Nov. 27, 1901. 

The Progress Report for the year 1901, forwarded Dec. 
31,1901. 

The report on the relative economy and efficiency of 
Belleville and cylindrical boilers in commissioned ships, 
forwarded April 29, 1902. 

INVESTIGATION OF THE BELLEVILLE BOILER. 


4. It was desired that the committee should investigate 
and report as set forth in paragraph 3 of the Letter of 
Reference. In section (a) of that paragraph, the com- 
mittee were requested to ‘‘ascertain practically and ex- 
perimentally the relative advantages and disadvantages 
of the Belleville boiler for naval purposes, as compared 
with the cylindrical.’’ In order to comply with this re- 
quest, the commitiee have examined the boilers of many of 
His Majesty's ships, inspected many boiler tubes removed 
from ships at the home dockyards, received evidence from 
engineer officers and considered the defect lists received 
from ships. An exhaustive series of trials between the 
“Hyacinth’’ with Belleville boilers, and the ‘“‘Minerva’”’ 
with cylindrical boilers, and a full-power trial under ser- 
vice conditions, and of 24 hours’ duration, in H. M. S. 
“‘Diadem,’’ have been carried out under their direction. 

5. Experience thus obtained has confirmed the commit- 
tee in the opinions expressed in their interim report, viz.: 
“That the advantages of water-tube boilers for naval pur- 
poses are so great, chiefly from a military point of view, 
*hat. providing a satisfactory type of water-tube boiler be 
adopted, it would be more suitable for use in H. M. Navy 
than the cylindrical type of boiler;’’ further, that the 
‘Belleville boiler has no such advantages over other types 
of water-tube boilers as to lead them to recommend it as 
the best type to be adopted in H. M. Navy.” 


6. Since forwarding that report the committee have con- 
tinued their investigations with regard to the Belleville 
type of boiler, among others, and they have seen no reason 
to alter what they then said concerning it. They have 
also carefully considered the remarks made by Messr3. 
Delaunay-Belleville & Co. upon the interim report and 
upon the report on the trials of the ‘‘Hyacinth,”’ ‘‘Miner- 
va,"’ and “‘Saxonia,’’ but they found nothing in them 
which alters, in the least, their opinion upon the subject. 
In these remarks the bursting of a tube in one of the 
‘‘Hyacinth’s’’ boilers, a serious accident, in the commit- 
tee’s opinion, due to defective circulation, is only men- 
tioned as an occurrence of no importance. The commit- 
tee fully recognize that the Belleville boiler, when new 
and in good condition, is a good steam generator, but its 
rapid loss of efficiency in ordinary work in commissioned 
ships, the serious character of the defects which have been 
developed in it and the great care required in its manipu- 
lation render it, in the opinion of the committee, undesir- 
able to fit any more of this type in H. M. Navy. 

7. Since the reports on the visits of the committee to 
Paris and Marseilles the use of lime and zinc has checked 
the rapid deterioration of the boiler tubes experienced in 


the earlier vessels fitted with Belleville boilers 
mittee regret to find, on the other hand, that « 
fects in the boiler casings have made their 
in several cases, and have rendered the vessel< 
they have occurred, unserviceable for long period 
DEFECTS OF BELLEVILLE BOILERS 

8. The disadvantages of the Belleville boiler 
pared with the cylindrical boiler, are as follows 

(a) The circulation of water is defective and 
and the water gages do not indicate the amount . 
in the boiler. These causes have led to serious a 

(b) An automatic feeding apparatus of a delj 
complicated kind is necessary, in order to make ;} 
working of the boiler possible. 

(c) A great excess of pressure over that in the } 
required in the feed pipes and pumps. 

(d) A considerable excess of boiler pressure 0\ 
working pressure at the engines is necessary. 

(e) The quantity of water varies at different rs 
combustion, although the same level may be show 
the water gages. 

(f) Separators with automatic blow-out valves o 
main steam pipes are required in order to provid 
water thrown out of the boilers when the rate of eo; 
tion or the speed of the engines is suddenly increased 

(g) A constant and excessive loss of feed water. 

(h) The upper generator tubes are liable to fail by 
ting or corrosion, and, in economizer boilers, the « 
mizer tubes are still more liable to fail from the 
cause. The trouble from this cause has diminished 
cently, but the liability of these parts to corrosion 
exists, and must be regarded as a serious disadvanta;: 

(i) The up-keep of Belleville boilers has proved to bx 
ceedingly costly, whereas that of cylindrical boile: 
trifling, and this disproportion is likely to increase 
terially with the age of the boilers. On account of 
necessity for more repairs, ships with Belleville bo 
will be laid up more frequently and for much lo 
periods than similar ships with cylindrical boilers. 

(k) The additional evaporating plant required with Dx 
ville boilers, and their greater coal consumption on o: 
nary service as compared with cylindrical boilers. } 
hitherto nullified, to a great extent, the saving of weis 
effectea by their adoption, and in considering the rad 
of action of ships fitted with them no real advantage |} 
been gained by their use. The committee cannot s. 
however, whether this may not apply to other ty: 
of water-tube boilers. This can only be determined | 
xtended experience. 

9. As compared with the cylindrical boiler, a satisfacto 
water-tube boiler should possess the foNowing advantag: 

(a) Less delay in steam raising. 

(b) Less liability to damage if the boiler be struck by 
projectile. 

(c) Greater ease of repair and renewal of parts. 

(d) Less weight for the power generated, considering t! 
weight of the boiler installation only. 

(e) Ability to carry a higher steam pressure. 

(f) Greater fire-grate area for the same floor area. wit 


“consequent less forcing for full power. 


To a considerable extent these advantages are possess: 
by the Belleville boiler, but the committee consider tha 
they are more than counterbalanced by the disadvantag: 
enumerated in paragraph 8. 

10. From the report on the trials of the “Hyacinth” ani 
“‘Minerva,”’ it will be seen that during the Channel trials 
the Belleville boilers of the former were more efficient 
as regards evaporation, than the cylindrical boilers of th: 
latter as originally fitted; but that, after retarders were 
fitted in the boiler tubes of the ‘‘Minerva,’’ the efficiencie- 
were nearly equal. The long runs to Gibraltar and 
back showed that in several respects, notably in smallnes: 
of feed water and in economy of coal consumption, as we! 
as in the immunity from accident during ordinary work 
ing, the cylindrical boilers were considerably superior to 
the Belleville. 

11. In reference to the first part of Section (b) of para 
graph 3, of the Letter of Reference, the committee ar 
asked ‘‘to investigate the causes of the defects which hay: 
occurred in these [Belleville] boilers,and in the machinery 
of ships fitted with them, and to report how far they ar 
preventable either by modifications of details or by diffe: 
ence of treatment, and how far they are inherent in th 
system.”’ In reference to this matter, the committee hay: 
visited many of H. M. ships fitted with Belleville boil rs 
including the ‘‘Powerful,’’‘‘Ariadne,’’ ‘‘Europa,’’ ‘‘Hermes 
“Furious,” ‘‘Arrogant,’’ ‘‘Niobe,’’ ‘‘Diadem,’’ ‘‘Hyacinth 
“Vestal” and ‘“‘Good Hope,”’ and have seen the lists of 
fects reported from the Channel Squadron, Mediterranea 
Fleet, and the China Station. From the knowledge thu 
obtained, the committee are of opinion that, as stated 
the interim report, “to obtain satisfactory results in work 
ing the boilers in face of the disadvantages named 
more than ordinary experience and skill are required « 
the part of the working staff.”’ 

12. The principal defects which have arisen in the ord 
nary working of Belleville boilers on board H. M. ship 
are: 

(a) Corrosive decay of the baffles in the steam collector 
and of generator and economizer tubes. This has be¢ 
caused by the intermittent character of the circulation o 
the water in the boiler, by which surfaces exposed to he 
are alternately wetted and dried, and by the presence « 
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air in the feed water, which experience has shown to be 
narucularly injurtous .o feed-water heaters placed in the 
uptakes of marine boilers; also, until recently, for want 
of the proper preservative treatment. The rate of decay 
has row been reduced by the use of lime and zinc, but 
great care has ta be taken in order to prevent choking of 
the water-gage connections, in consequence of this neces- 
cary free use of lime. Belleville boilers, having un- 
drowned generator tubes and a very large amount of feed- 
water heater surface in the uptakes, are more liable to 
injury by corrosion than any of the four types of water- 
tube boilers which are named by the committee as suitable 
for trial 

(b) The rapid wear of the working parts of the automatic 
feed apparatus and of the non-return valves in the down- 
take pipes. 

‘e) The burning and warping of the uptakes, boiler cas- 
ngs and boiler supports, with consequent falling off in 
efficiency owing to the leakage of air into the uptakes. 
Serious injury to the boilers has, in some instances, re- 
sulted, from this cause, 

The burning of boiler casings and supports can be re- 
duced to a minimum by special design and to some extent 
by skillful stoking of the fires, but it is probable that this 
will be a more or less serious working defect in this and 
other types of marine water-tube boilers. 

(d) The melting of fusible plugs, owing to the defective 
and uncertain character of the circulation of the water. 
This defect has been a very general source of trouble, but, 
as these plugs are necessary for the safe working of the 
boilers, their melting in particular elements cannot be 
avoided when the rate of combustion under them is varied 
to any considerable extent. 

(e) The deposit in the tubes about the water line, 
especially in, the wing elements. , This occurs when the 
feed water is not pure and a sufficiently active circulation 
is not being maintained. This serious defect has been the 
cause of tubes failing in several instances, 

(f) Leaky nipple joints. These have given great trouble. 
(g) The decay and fracture of the pipes connecting the 
float chambers and the water-gage fittings to the elements. 
This has been mainly due to the use of unsuitable ma- 
terial. 

(h) The excessive expenditure of coal and of fresh water 
for boiler-feed make-up, as compared with similar vessels 
fitted with cylindrical boilers. The expenditure of coal 
in ships fitted with Belleville boilers has been very high, 
both for auxiliary purposes in harbor and for propelling 
purposes. The loss of water has, up to the present, been 
an unsatisfactory feature in the working of Belleville boil- 
ers, notwithstanding all the care which has been taken to 
guard against itt 

Of the above defects, a, b, d and e are inherent in the 
Belleville system. With reference to h, it is considered 
that the loss of waiter is also inherent in the system. 
PROPOSED IMPROVEMENTS IN PROPELLING AND 
AUXILIARY MACHINERY. 

13. With reference to the latter part of section (b), par- 
agraph 3, the Letter of Reference, where the committee 
are requested ‘‘to report generally on the suitability of 
the propelling and auxiliary machinery fitted in recent 
war vessels, and offer any suggestions for improvement, 
the effect as regards weight and space of any alterations 
»roposed being also stated,’’ the committee consider that 
the propelling and auxiliary machinery as fitted in recent 
wa> ves.cis are generally suitable, and the suggestions 
they desire to make on this matter are set forth in the 
following paragraphs: 

(a) LENGTH OF STROKE AND NUMBER OF REVO- 
LUTIONS.—They consider it desirable, where practicable, 
to increase the length of stroke, and reduce the number of 
revolutions per minute, as compared with the recent prac- 
tice in H. M. service. This was referred to in Sec. 11 
of the ‘“‘Summary and Conclusions drawn from the report 
on the trials carried out in the ‘‘Hyacinth’’ and ‘‘Miner- 
va,"’ where the committee called attention to the advan- 
tages of the longer stroke and of reducing the number of 
revolutions. 

(b) CONDENSERS.—Where two main condensers are 
fitted to each set of main engines the committee consider 
that auxiliary condensers need not be fitted, if the aux- 
iliary engines are arranged to exhaust into either part of 
the main condensers. 

(c) JACKETS.—With the piston speeds now adopted 
jacketing is regarded as of doubtful advantage, even at 
comparatively lbw powers. It is considered that all 
jacket steam and drain connections on the high-pressure 
and intermediate-pressure cylinders may be omitted with- 
out loss of economy. They should be retained on the low- 
pressure cylinders, but only in the machinery of second- 
class cruisers and larger vessels. 

(d) AIR PUMPS.—It is recommended that independent 
steam driven air pumps should be adopted where prac- 
ticable, for the following reasons: 

(1) The anain engines would be relieved of reciprocating 
parts, which require much attention when running at high 
speed; there is also a risk of excessive loads coming on 
the pumps, due to irregularity in the supply of ‘water in 
consequence of the rolling and pitching of the ship. 

(2) Tne work can, at all powers, be adjusted to the air 
leakage with resulting economy. 

(3) The vacuum can be maintained and the condensers 
kept thoroughly drained while the main engines are not 


at work, thus making it more easy to handle the engines. 

(4) Hotwell pumps may be abolished. 

(5) With slow-running pumps the water can be delivered 
into the hotwell tanks more free from air than in the case 
of pumps driven off the main engines. 

(6) Auxihary air pumps may be dispensed with. 

In cruiser engines of 22,000 I. HP., if the auxiliary con- 
densers with their air and circulating pumps, and also 
the hotwell pumps, are omitted, a saving in weight of 10 
tons would probably be effected. 

(e) ARRANGEMENT OF FEED PUMPS.—The main feed 
pumps should be placed in the forward parts of the engine 
rooms, and their speed should be regulated by float-control 
tanks. Pressure gages should be fitted on the feed-dis 
charge pipes in each firing space The auxiliary feed 
pumps should be arranged in the stokeholds as at present 

(f) STEAM PIPES.—The use of lap-welded wrought iron 
in preference to steel for steam pipes of internal diameters 
above 4 ins. has advantage. Iron pipes are cheaper, more 
easily obtainable, as reliable and less affected by corro- 
sion than steel pipes, and, in the larger sizes a riveted 
covering strip over the weld is not required. In the ar- 
rangement of steam pipes large bends should be fitted 
where practicable, in order to take up the expansion of the 
pipes, ard packed expansion joints should only be used 
where bends cannot be arranged for. 

(g) ARRANGEMENT OF MAIN AND AUXILIARY MA- 
CHINERY IN ENGINE ROOMS.—In the later cruisers 
which have been seen by the committee, the machinery 
space is so restricted that the necessary examinations and 
adjustment of the working parts can only be carried out 
with difficulty. Where this condition exists, parts which 
are difficult of access cannot be examined as frequently 
as is desirable, and the machinery may not therefore al- 
ways be maintained in a thoroughly efficient condition. As 
this inaccessibility of parts would be a matter of serious 
moment under the stress of actual war service, it is rec- 
ommended that, in future designs, more engine-room 
space per horse-power should be provided than at present. 
In cases where this cannot be done, it is considered that 
provision should be made outside the main engine rooms 
for a portion of the auxiliary machinery. 

(h) DIRECTION OF ROTATION OF PROPELLERS.-- 
The committee have had under consideration the relative 
efficiency of outward and inward turning screw propellers. 
The available information on this subject is very limited, 
but the results of some experiments, which have been 
placed before them, indicate that the balance of advantage 
is with outward-turning screws. It is considered that this 
important subject should be investigated by careful experi- 
ments with H. M. ships. 


OTHER WATER-TUBE MARINE BOILERS, 


14. In Sec, (c) of paragraph 3 of the Letter of Reference 
the committee are requested ‘‘to report on the advantages 
and disadvantages of Niclausse and Babcock &. Wilcox 
boilers compared with Belleville, as far as the means at 
the disposal of the committee permit; and also to report 
whether any other description of boiler has sufficient ad- 
vantages over the Belleville, or the other two types men- 
tioned above, as a boiler for large cruisers and battleships, 
to make it advisable to fit it in any of H. M. ships jor 
trial.”’. The committee, in their interim report, mentioned 
four different types of large straight-tube boilers, viz.: (a) 
Babcock & Wilcox; (b) Niclausse; (c) Diirr; (d) Yarrow 
large tube; which they thought sufficiently promising for 
use in H. M. Navy, and they are stil: of this op.nion. 

15. These types have few of the disadvantages of the 
Belleville type, with most of its advantages. They all 
have ‘‘drowned’’ tubes, and the water level as shown by 
the gages is practically the level of the water in the boil- 
er; they do not require a much higher pressure to be 
maintained in the feed pumps than in the boilers, nor in 
the boilers than at the engines; the use of automatic feed 
regulators of an extremely delicate type is not necessary; 
the circulation is fairly well defined, and is much freer 
than in the Belleville; from such experience and evidence 
as the committee have had before them, the loss of water 
will be much less than with the Belleville; and, finally, 
they appear to be much more likely than the Belleville to 
be free from accident under ordinary conditions of service. 

16. In the course of their investigations, the committee 
have watched the Babcock & Wilcox boilers fitted in the 
S. S. ‘‘Martello,’’ of the Wilson Line, employed in the At- 
lantic trade between Hull, Boston and New York, and 
copies of the reports of their inspections have from time to 
time been forwarded to their Lordships. These inspec- 
tions have taken place at the end of every round voyage 
for 14 months, and the committee’s opinion is that these 
boilers have stood the test of usage in the mercantile 
marine extremely well. The vessel has run about 91,000 
miles since the boilers were put in, and has usually been 
less than a week in port at either end; the only repairs 
required have been those of the ordinary up-keep of any 
boiler, such as fire bars, brickwork, ete., and only six 
tubes have required renewal. This opinion is strengthened 
by the inspections of boilers of the same type fitted in the 
“Numidian,” the ‘‘Buenos Ayrean,’’ and the ‘Turret 
Cape.’ Ir the case of the last-named vessel, the boilers 
have been in use seven years, and cannot have been as 
well looked after as they would have been in the navy, 
and their condition when examined recently was satisfac- 
tory. The committee have also examined and tested boil- 


ers of the same type in*H. M. S. “Sheldrake,"’ and find 
that, although they have been in use for four years, their 
condition is good and they have given little trouble 

17. The Niclausse boilers were seen at Cherbourg in the 
“Variag,’’ a first-class cruiser*of the Russian Navy, re 
cently built by the Cramp firm at Philadelphia, which had 
steamed across the Atlantic only; also in the French pilot 
school vessel ‘‘Elan"’ Boilers of the same type in H. M 
ships “‘Seagull’’ and ‘‘Fantéme,’’ have been inspected, 
those in the ‘‘Seagull"’ are several years old, and have 
proved generally satisfactory. 

18. The Diirr boilers were seen under construction at 
Diisseldorf, while being fitted in place in H. I. M. 8. 
“Prinz Heinrich” at Kiel; and in H. I. M. S. “Sachsen” 
at Kiel, after two years’ work Boilers of this type are 
being ntted in the ‘‘Medusa.”’ 

19. Yarrow boilers of the small-tube type have been seen 
in the new ship ‘‘Kéningin Regenters,"" of the Dutch 
Navy, and in the ‘‘Zenta,’’ an Austrian cruiser, which had 
recently refurned from three years’ service in Chinese 
waters. The committee understand that the Yarrow 
boiler is being installed in the Dutch and Austrian navies 
with forced draft on both the closed stokehold system 
and the closed ashpit system with heated air supply. Two 
methods of heating the air supply are being fitted, one by 
means of tubes in the up-takes, and the other by fitting 
an outer case completely over the boiler and the uptakes, 
and passing the air supply through the space so formed 

20. Yarrow boilers are being fitted in the ‘‘Medea,’’ and 
were recommended by the committee for use in combina 
tion with cylindrical boilers in some of the first-class 
cruisers of the ‘‘Devonshire’’ class. These boilers are of 
the large-tube type, with tubes 1% ins, diameter, and the 
committee anticipate they will be more efficient and give 
better results in service than the small-tube type. The 
iatest Yarrow boilers for the Austrian and Swedish navies 
are having tubes of 1% ins. diameter fitted. 

21. The committee have carried out a series of trials 
with the and ‘Sheldrake’ and the ‘‘Espiégle 
and ‘‘Fantéme."’ The report on these trials is well ad 
vancea, and will be forwarded to their Lordships as soon 
as ready. The committee would, however, point out that 
the trials with such small installations cannot be regarded 
as giving a true indication of what the same types of boil 
ers would do in larger installations As no large vessels 
in our navy are, however, yet fitted with boilers of thes« 
types, the committee thought it desirable to carry out 
trials in the vessels available. The results of these trials 
are satisfactory, and have confirmed the committee in 
their opinion that Babcock & Wilcox and Niclausse boilers 
are suitable for trial on a larger scale in H. M. service. 

22. The committee were led to propose to their Lord 
ships that Yarrow large-tube and Dirr boilers should be 
tried in the ‘‘Medea’’ and ‘‘Medusa,'’ respectively, as they 
understood that no ship is H. M. service wag about to be 
fitted with these boilers, while several were with Babcock 
& Wilcox and Niclausse boilers, and it was thought desir 
able that trials of each of these four types should take 
place as soon as possible. 

23. The work of fitting the new boilers in the ‘‘Medea’’ 
and “‘Medusa” is now well advanced, and the committee 
hope that their trials will be begun shortly A report on 
the results obtained will be forwarded to their Lordships 
as soon as possible. 

24. While they will indicate whether Yarrow large-tube 
and Dir boilers are safe and efficient steam generators, 
the committee do not anticipate that the results of these 
trials, when taken together with the trials of the Babcock 
& Wilcox and the Niclausse boilers mentioned in para- 
graph 21, will enable them to say whether either of these 
boilers can be ‘‘authoritatively recommended as a stundard 
boiler for the use of H. M. Navy;’’ as the endurance of 
the boilers, the nature and extent of the defects which will 
be developed on actual service, the loss of efficiency after 
prolonged use, and the cost of up-keep can only be deter- 
mined by lengthened experience. 

25. In the ships of the ‘‘Monmouth’’ and ‘Devonshire’ 
classes opportunity will be afforded for a very important 
comparison between ships of practically the same displace- 
ment and power, fitted with the same type of machinery, 
but only differing in the types of boilers fitted. The re- 
sults obtained by these ships on trials and on actual ser- 
vice should contribute to a large extent towards solving 
the problem as to the best type of boiler for H. M. service. 

26. During the course of their invesfigations the com- 
mittee have had the following types of water-tube boilers 
under consideration: 


Belleville, Thornycroft (small-tube), 
Niclausse, Thornycroft- Marshall, 
Babcock & Wilcox, Yarrow (small-tube), 
Stirling, Yarrow (1%-in. tubes), 


Diirr, Blechynden, 


Parker, Normand, 
Braby’s Generator, Lagrafel-D’Allest, 
Weir, Guilleaume 
Accessible, Merryweather, 
Myabara, Montupet, 
Vickers & Adamson, Allan, ; 
Lyall, Du Temple, 


Schichau, 
Schulz, 


Noble & Irving, 
Bannister, 
Hohenstein, Okes-Serve, 
Janson (American), Dixon & Scott, 
White-Foster, Reed, 
Thornycroft-Schulz, Schutte. 


2T. Several of the above are small-tube boilers which are 


in use ip small vessels of H. M. Navy, but, in the opin- 
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jon of the committee, they are unsuitable for vessels above 
the size of third-class cruisers. The following are, as 
already stated, those considered to be the most worthy of 
attention as regards suitability for use in large vessels: 
Niclausse Diirr, 

Babcock & Wilcox, Yarrow large-tube. 

In addition to these four types, the committee have had 
the following four under special consideration as being 
possibly suitable for large vessels: 

Weir, Thornycroft- Marshall, 
Stirling, Thornycroft-Schulz. 

It is not recommended that a trial of either of these 
should be carried out at present, but the committee sug- 
gest that their development for marine purposes should 
be carefully watched. 

28. The trials mentioned in paragraph 4 of the Letter of 
Reference, between the ‘“‘Hyacinth’’ and a cruiser with 
cylindrica! boilers, the ‘‘Minerva,’’ have been completed, 
and the full report on these was forwarded to their Lord- 
ships on Nov. 27, 1901, 

RETARDERS FOR CYLINDRICAL BOILERS. 

29. During the trials of the ‘‘Minerva,’’ the committee 
recommended that retarders should be fitted in the boiler 
tubes, and it was found by trial that the efficiency of the 
boilers was considerably increased by their use. The com- 
mittee understand that the boilers of other ships in His 
Majesty's Navy have been fitted with similar retarders, 
and they think it right to state that retarders will be 
found in many cases to render existing cylindrical boilere 
more efficient and economical than they are et present. 

A COMBINATION BOILER EQUIPMENT FOR LARGE 
VESSELS. 

30. From the evidence before the committee, it appears 
that ao type of water-tube boiler at present in ure is, on 
general service, as economical as the cylindrical boiler; 
also, that a large percentage of the coal used is expended 
for auxiliary purposes in harbor. Until a thoroughly sat- 
isfactory type of water-tube boiler is obtained, the com- 
mittee therefore recommend that in large cruisers and bat- 
tleships cylindrical boilers of sufficient power to work the 
auxiliary macbinery, and to drive the ship at her ordinary 
crul ing speed, should be fitted; the steam pressure should 
be the same for the water-tube and cylindrical boilers, and 
may conveniently be 210 Ibs. per sq. in., so as to give 200 
Ibs. at the engines By this means considerable saving 
in coal will be effected, with a corresponding increase in 
the radius of action and general usefulness of the vesrel 
The water-tube boilers could be kept clean and perfectly 
efficient, as they need only be used for driving the ship 
at high speeds, when economy of coal relatively is not so 
important. The cylindrical boilers should be fitted with 
retarders in the tubes, and with special means for circulat- 
ing the water while raising steam. 

USE OF WATER-TUBE BOILERS IN OTHER 
COUNTRIES. 

32. From the information which has been brought to the 
notice of the committee, it appears that water-tube boilers 
are being very little used in large ships belonging to the 
mercantile marine, and that their use in such ships is in- 
creasing very slowly. In the British mercantile marine 
the only type of water-tube boiler installed in ocean-going 
vessels is the Babcock & Wilcox, in some ships of the 
Wilson and the Petersen-Tate lines, and in three ships of 
the Allan Line: in these last, however, only one water- 
tube boiler is fitted in each vessel, to assist the original 
cylindrical boilers. In the United States mercantile ma- 
rine Babcock & Wilcox boilers are used to a small extent, 
principally in the ships plying on the Great Lakes; Nic- 
Jausse boilers are being installed in two very large ships of 
15,000 HP In France, Belleville boilers have been work- 
ing in vessels ot the Messageries Maritimes Cie. for many 
years. The Compagnie Générale Transatlantique havé 
fitted two small vessels, one with Belleville and one with 
Niclausse boilers, in order to obtain comparative trials 

33. In the German Navy the Diirr boiler has been adopt- 
ed for all large cruisers, while a combination of cylin- 
drical and small-tube types is retained for battleships, and 
small-tube boilers only are fitted in the smaller cruisers. 
In the Dutch, Austrian, and Swedish navies the Yarrow 
boiler is very largely in use. In the French Navy the 
authorities seem to be undecided at present as to what 
boiler to adopt: it is understood that they have recently 
ordered two battleships, but have not decided on the boiler 
wo be fitted. In the recent large cruisers ordered, the 
French seem to have chosen a different type of boiler for 
each ship, probably to obtain a trial of each kind. The 
Italian Navy have ordered a Niclausse installation for one 

of their new ships. In the American Navy, many Bab- 
cock & Wilcox boilers are in use, although recently Nic- 
lausce boilers have been ordered for four of the largest 
ships. 


SUPPLEMENTARY REPORT SUBMITTED BY JOHN 
LIST. 

I agree with the foregoing report, except where modi- 
fied by the following opinions: 

PAR. 6.—-BURST TUBE IN “HYACINTH."—This was 
certainly due to defective circulation, but the defect in- 
volves so seriously the question of safety with this type 
of boiler that it appears desirable to supplement the ex- 
planation given. 

The appearance of the defective generator element when 


cut up longitudinally did not indicate that it had been 
short of water, either when the burst occurred or at any 
previous time, but did indicate that the tubes below the 
normal water level had not been overheated to an extent 
which left any appearance of it. The slight lime wash on 
those tubes were intact, and they were free from any trace 
of oxidation. The appearance of the tubes above the nor- 
mal water level, however, clearly indicated that the cir- 
culation of mixed steam and water had been insufficent to 
prevent them getting red hot. 

In my opinion, the explanation of this insufficient circu- 
lation is, that the element in question was in the wing, 
and therefore furthest away from the uptake, with one 
side of it shielded by the casing, and that the water stood 
comparatively quiescent at the normal level in that ele- 
ment, while the circulation was probably much more 
energetic in those nearer the middle of the fire grate. 

Similar bursts have occurred in other ships, and are 
certain to occur more often as the boilers become older, 
and the tubes above the water level thinner from internal 
wasting. The ‘‘Hyacinth’s’’ boilers had done very little 
work, and could not in any sense be considered old. 

CHOKING OF “MINERVA'S’ FERRULES.—Messrs. 
Delaunay, Bellevile & Co., in their communication dated 
March 9, 1902, say in reference to the endurance trial of 
**Minerva’’: 

These retarders are probably not unconnected with the 
choking of the ferrules with which the back ends of the 
**Minerva's’’ tubes are fitted. 

They also, further on, draw attention to the following 
paragraph in the committee's report: 

The openings in the ferrules were found, on examination 
at Gibraltar, to be choked up across half or three-quarters 
of their area by a thick, hard, brown slag, which also 
coated the surface of the tube plates, and which was not 
removed until access was gained, after cooling, to the 
combustion chambers. 

They further add: 

This circumstance shoriened ‘the duration. of the trial, 
although the ‘‘Minerva’’ had 39 tons of coal in her 
bunkers. 

These are points of such importance as affecting the 
use of cylindrical boilers in H. M.’s Navy that further 
explanation is desirable. 

Having examined one of the back tube plates at Gib- 
raltar before it was cleaned, I am of opinion that the ac- 
cumulation of slag resulted from the cap parts of the 
ferrules becoming overheated, and the fine particles of 
scoria carried by the draft becoming burned onto them, 
ultimately forming a smooth vitrified coating all over the 
plate, with small elliptic apertures at each tube end. 

This was a serious state of affairs, and it effectually 
brought the trial to a conclusion. It is, however, en- 
tirely at variance with experience in cylindrical boilers 
of merchant steamers using forced draft. 

The ‘‘Minerva’’ had only been under way for about 152 
hours, and the average rate of combustion was only 22.36 
Ibs. per sq. ft. per hour. Many hundreds of steamers are 
making voyages to all parts of the world with closed ash- 
pit forced draft, heated air and higher rates of combus- 
tion than this. In those ships no ferrules of any kind are 
fitted, and retarders are invariably used. Coating of the 
tube plates with slag is unknown, and ‘‘bird-nesting.”’ 
which is quite a different thing, only occurs if the tubes 
are leaking, from the tube plates being greasy or dirty on 
the water side—a condition of affairs which is not per- 
mitted, because it affects seriously the earning power of 
the ship. The tubes are 2% ins. in external diameter, and 
are in some cases pitched as close as 3%-in. centers, both 
vertically and horizontally. The tube plates are also in 
very many cases thicker than those in the ‘‘Minerva,” 
being for working pressures of 200 Ibs. and upwards. 

The retarders had, in my opinion, no connection with the 
choking of the ferrules in the ‘‘Minerva,’’ but these 
caused the formation of the coating of slag referred to. 

PARS. 7 AND 12 (c).—Serious defects, not only in the 
casings, but also in the structural parts of the ‘‘Europa’s’’ 
boilers were apparent on that ship's return from Australia, 
September, 1900. Admitting the correctness of the state- 
ment that the burning of the casings may be reduced to 
a minimum by skilful stoking, that does not afford much 
cause for satisfaction, as the minimum appears likely to 
prove formidable, and as it is improbable that in time of 
war the stoking will be as good as it is now. Experience 
of firemen in the merchant service leads me to the con- 
clusion that if men have to be drawn from that source, 
they will prove much less skilful than trained navy 
stokers. These considerations point to the desirability of 
adopting for warships a type of boiler which is not readily 
damaged by unskilful working. 

Damage to the framing of a water-tube boiler may be 
avoided by arranging it so that even with considerable 
wear and tear of the brickwork it remains protected. Up- 
keep on the casings may be reduced by an increase in the 
weight of brickwork, and non-conducting material, by 
using thicker plating, and in some cases by leading the air 
on its way to the ash pits through the space formed be- 
tween an inner and an outer casing. 

PAR. 13 (a).—While agreeing with the desirability of 
increase of stroke and reduction of revolutions where con- 
siderations of weight and space permit, I desire to add 
that the running on full-power trial of engines designed 
in accordance with recent Admiralty practice, developing 


30,000 I. HP. collective, with a stroke of 4 f: 
revs. per min., was entirely satisfactory. 

PAR. 13 (b).—CONDENSERS.—I agree, by 
add: 

The objections to fitting two main condens: 
engine room are these: 

Increased weight in centrifugal pumps, pip: 
tions and circulating water carried, due to th: 
for fitting two main centrifugal pumps (each » 
gine) in each engine room, to ensure equal 4 
both condensers. 

Increased weight, due to the large eduction - 
on the low-pressure cylinders with the connec: 
tion pipes. 

The risks of mistakes being made, in wor 
valves for the pumps and those between the « 
and the engines. 

The argumencs in favor of the arrangement ar: 

That if one-half is leaking and the other half ¢ 
engines may be worked up to half power whil: 
fective condenser is under repair. 

That in action, if one-half condenser or its 
tions is damaged in each engine room, the ship 
steam at half power. 

In considering this last argument, the fact that : { 
ditional connections necessitated by double con 
add to the risk of disablement should be kept in 

In the latest cruisers with inward-turning pr 
and the working platforms in the middle line, it is ; 
sible to find space for one large condenser betwe: 
engines and the ship’s side. When, however, the m 
ery is arranged for outward turning, with the two |. p 
engines together aft, the condenser would, as in f 
designs, be placed aft. also. 

As evidence that, apart from arguments based on |; 
service requirements, very large single condense: 
satisfactory re ults, where the details of construct 
in accordance with merchant service practice, mail 
ers on the Atlantic may be instanced, of about p 
collective, which have only one main condenser in t 
engine room. It is submitted that the balance of adva 
might be found on the side of single condensers, with 
their simpler connections, and with thicker tubes 
plates and ferrules, and deeper packing. 

Considering that one of the most serious difficulti: 
connection with condenser leakage is perforation of 
tubes, it is submitted that this subject is one upon w! 
the assistance of chemical and metallurgical expert 
eminence might with advantage be sought. 

PAR. 13 (c).—JACKETS.—I agree, but desire to add 

Separate liners should in all cases be fitted on engin: 
above the size of those in destroyers, even when jacketing 
is not adopted. The draining of the jackets should 
done by a reliable type of trap, and not by hand; also '! 
steam supply to the jackets should be regulated by 
arate reducing valves of suitable type. 

PAR. 13 (d).—PUMPS.—I agree, but have to add t 
the saving of about 10 tons in weight is upon the follow 
ing basis: Two single-acting lever air pumps on each 
of main engines, 30 ins. in diameter by 13-in. stroke, 
placed by a pair of single-acting independent pum) 
each engine room, the diameter being 33 ins., the strok: 
21 ins., and the speed, at full power, 25 double stroke 
per minute. 

PAR. 13 (e).—ARRANGEMENTS OF FEED PUMPS 
I agree, but have the following additional recommends 
vuions to make: 

The pumps should be of the vertical direct-acting (not 
duplex) type, with packed water piston and blow-ove' 
steam valve, and the following points of design shou!) 
have attention: 

The pump barrel should be gun metal, with a liner 
arranged that a replace one can be readily put in at sea 
without serious dismantling of connections. These re 
newable liners should be cast of a special alloy of gun 
metal which will wear well with the packing of the water 
piston. That piston should be fitted to the pump rod with 
a taper and nut below. The pump rod should be hard 
rolled bronze, and it should be coupled to a steel stean 
piston rod. Bronze rods have been found to break in th: 
steam cylinder, at the bottom of the thread of the pisto 
nut, and steel rods have failed in the pump barrel fro: 
corrosion. 

Where valve levers having sliding surfaces in the cros- 
head are used the sliding ends should be rectangular an‘ 
fitted with adjustable gun-metal slips and oil cups; othe: 
wise, with a heavy steam pressure on the slide of ¢! 
shuttle valve, it has been found that the lever slidi 
surfaces seize. 

Saving of weight over and above that referred to in Pa 
18 (ad) of report would result from dispensing with th?’ 
hot-well tanks, feed tanks and grease-filter tanks as ; 
present arranged. The independent air pumps might !i 
the water direct from the condenser bottom to the upp: 
part of the grease-filter tank, which might, if desire 
be built into the ship, and which should have suffici 
capacity, independent of the filter proper, to admit 
sudden increase of water delivered due to increase of s) 
of ship. The filtered water would gravitate from the les 
of the top of the filter proper direct to the float-cont! 
tank, which should have the float balanced by a sprins 
weighted lever, and which should be placed at such 
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that the water will gravitate from it into the suc- 
chests of the feed pumps. 

ne auxiliary feed pumps should have their steam con- 
P : ons also arranged for working under float control. 
PAR. 13 (f). -STEAM PIPES.—I agree, and recommend 
urther that where flanges are not scraped and faced, cor- 
igated-metal jointing washers should be used. 


With further reference to the latter part of section b 

f paragraph 3 of the Letter of Reference, I desire to add 

e following: 

1. STANDARDIZATION. 

submitted that the main and auxiliary machinery, and 

e connections, in ships of the same class, for which 

vntracts are placed within periods the duration of which 
nay be hereafter determined, should be identical. This 
vould admit of interchange of spare parts, and would 

ender it easier to train the engine room and stokehold 
omplements. 

With advance in machinery design, it would be neces- 

ary to avoid adhering for too long a period to one 

tandard. 

2 TYPE OF PROPELLING MACHINERY. 
Submitted, that the four-crank engine with three-stage 
xpansion, as now adopted in the service, is preferable to 
he three-crank three-stage type, because it not only 
.dmits of more perfect balancing, but also keeps down the 
veight of the low-pressure pistons. It is further sub- 
uitted that to admit of accurate data being obtained of 

‘he steam consumption of four-stage expansion engines 
it cruising powers, it is desirable to fit a ship with four- 
rank balanced engines of that type. 

38. CYLINDER LINERS, ETC. 

Submitted, that whereas in the merchant service with 
initial pressures up to 215 lbs., and piston speeds of 900 
ft. per min., high-pressure cylinder liners of hard, close- 
zrained, cast iron are found quite satisfactory, if a suit- 
ible type of cast-iron piston packing be adopted, I con- 
-ider that steel high-pressure liners, as reverted to in H. M. 
ships, are open to objection: first, because there are few 
firms which can produce them sound, the price being 
therefore high, and there being also delays in delivery; 
second, because they necessitate the use of bronze pack- 
ings, which may wear rapidly; and, third, because they 
introduce some difficulties in construction from the dif- 
ference in the coefficient of heat expansion between steel 
and cast iron. It is submitted that the brands, and the 
jefinite proportions of those brands, of cast iron to be 
used for all wearing parts, such as cylinder liners, slide 
valves, valve faces, etc., exposed to steam should be 
specified. 

4. DESIGN OF CYLINDERS AND STEAM-DISTRIBU- 
TION VALVES. 

Submitted, that this, as carried out by first-class makers 
for H. M. ships, leaves litthe room for improvement. 
Piston valves, however, are open to objection for the fol- 
lowing reasons: 

If fitted with packing rings which are free to expand, the 
lanterns may become worn for the travel in use at low 
cruising powers, with the result that when the travel is 
increased by linking out for full power, the packing rings 
may catch, involving risk of accident. In mercantile 
practice this has led to the almost universal abandonment 
of packings which are free to expand while under steam. 
The type of ring generally in use can be made larger by 
putting in slips at the partings, the combination forming 
a block piston, which is not reasonably steam tight. 

The port clearance space with piston valves is excessive, 
and the amount of wire drawing, due to passing steam 
through the lantern ports, is considerable. 

The cylinders and casings, with double piston valves 
especially, are complicated, and therefore objectionable 
from the point of view of obtaining sound castings. 

For high-pressure and medium-pressure cylinders, the 
type of valve which is being fitted to the high-pressure 
cylinders of the ‘‘Medea‘‘ and ‘‘Medusa’’ has been found 
to give excellent results in ships of the Dutch Navy and 
in merchant steamers. It has the further advantages over 
a piston valve that the travel for a given opening is less; 
and that in the event of accumulation of water in the 
cylinder, the valve and saddle will blow off the face, and 
zo back to place under the action of the saddle springs, 
thus forming an escape valve of large area. 

For low-pressure cylinders, double or treble-ported 
valves, with relieving rings having efficient packing, and 
a separate pipe connection to the condenser, are satisfac- 
tory. For heavy slide valves of fast-running engines, 
steam-driven assistant cylinders have proved more ef- 
ficient than balance cylinders of the usual type. 

5. PISTONS AND PACKING RINGS. 

Submitted, that cast-steel pistons as in general use in 
ii. M. ships are satisfactory. The following points of 
design are based on extended experience: 

The taper of the piston-rod cone fitting to the piston 
should not be less than 4 ins. per ft., on the diameter, 
and the rod should have a collar on it bearing when 
the cone is thoroughly home. The piston-rod nuts for a 
m:1d-steel rod should be forged from selected Scrap iron. 
Chis practice should be carried out in the case of all large 
‘eel bolts, the reason being that there is less risk of the 

reads biting than if both are of mild steel. 


The bearing surface of the cast-iron junk ring on the 
cylinder wall should be as deep as practicable. This ring 
should be so designed that with the greater expansion of 
the steel piston there is no liability to split. The steel 
flange of the piston should be kept 1-16-in. clear of the 
east-iron cylinder wall. 

The cast-iron packing rings should be comparatively 
narrow in bearing surface against the cylinder wall. They 
should have vertical springs to press them against the 
piston flange and junk-ring face, and radial springs to 
set them out. They should also be fitted with strong tie 
plates which are readily adjustable 

Instead of junk-ring collar studs, with gun-isetal nuts 
and a wrought guard ring, as fitted in the service, the 
general practice in the mercantile marine is to use turned- 
steel pins, tapped into gun-metal bushes which are 
screwed into the ca:t-steel piston. These pins have square 
heads bearing on faced soft brass washers; each pin is 
marked to place, and they are screwed down with a box 
spanner and a long wrench. This, it is submitted, is a 
more reliable arrangement than that used in the service 
The exact description of cast iron for junk rings and 
packing rings which will wear well with a given mixture 
of metal in the cylinder liner, is a point of 
portance. 

6. PISTON-ROD AND VALVE-SPINDLE PACKINGS. 

For piston rods it is submitted that a suitable design of 
metallic packing should be exclusively adopted, and that 
for the same diameters of rods and steam pressures the 
packing and springs for it should in future work, be 
standardized throughout the service. For valve spindles a 
standard make of fibrous semi-metallic packing should be 
adopted. 

The objects of such standardization are efficiency and 
economy, with, at the same time, uniformity in the opera- 
tions to be carried out by the artificers. The satisfactory 
performance of these, as regards adjustments of packings, 
are essential to the successful running at full power of 
warship engines. 


great im- 
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into locomotive work, with a view to ascertaining whethe 
the adoption of it in warship niachinery offers any ad 
vantages 
11. CRANKSHAFTS 

Submitted, that in second-class cruisers, and ships above 
that power, the design of the crankshaft in two lengths, 
each length having two cranks almost diametrically oppo- 
site, is open to objection from the point of view of the dif- 
ficulty of obtaining sound forgings. Design ““*8"" (see 
below) shows the type of shaft referred to as fitted in the 
cruisers ‘‘Kent,"’ ‘“‘Lancaster’’ and ‘Cornwall. In this 
case the crank throws are so close together fore-and-aft, 
that the part of the shaft between them cannot be satis 
factorily forged, and only a 5-in. hole is bored through 
that part. Also a very heavy ingot, compared with the 
finished weight, has to be used for the manufacture of 
such a shaft, and the risk of defects showing up in the 
course of manufacture is considerable. If such shafts are 
forged with the two throws in line, and then twisted 
through nearly 180°, the result as regards soundness is 
doubtful. If, however, the shaft is made in accordance 
with design ‘‘C,’’ every partcan be morethoroughly forged, 
and there is the further advantage that the manufacture 
of the pieces can be proceeded with up to the stage of cut 
ting the key beds and shrinking, before the balancing cal- 
culations and diagrams are completed 

The weight of one double-throw piece to design “bB"’ 
10.14 tons, and to design ‘‘C,"’ 


is 
11.18 tons; difference, 
of a ton, or 3. tons total increase of weight on the 
crankshafts in the ship. The shafts would be still more 
reliable if all the cranks were shrunk on, and the extra 
weight in the ship would be 8.84 tons, compared with de 
sign “B."" It is submitted that built shafts of this type 
are preferable to what is specified for the ‘‘Devenshire"’ 
class, where there is a coupling between each pair of 
cranks, involving considerable increase in the _ total 
length of the machinery. 
12. GREASE FILTERS. 

If these are arranged as suggested above (paragraph 13e) 

the amount of surface might, with advantage, be increased 
x 
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TWO DESIGNS OF CRANK SHAFT FOR NAVAL VESSELS. 


7. FITTING OF WHITE-METAL CROSSHEAD-PIN 
DETAILS. 

Submitted, that white metal in all reciprocating parts, 
such as guide shoes, should be specified to be machined 
and fitted to place, and not simply cast in; also that all 
crosshead pins and other bearings upon which the bushes 
only partially rotate should be specified to have flats ma- 
chined on the sides to reduce unequal wear. ‘* 


8. WHITE METAL. 

Submitted, that for lining bearings, erank-pin bushes and 
other parts, exclusive of crosshead bushes, the following 
alloy has, in hard ocean steaming, been found, after ex- 
tended experience, to give good results: 12 parts tin, 1 part 
copper, 1 part antimony, mixed in the following way: 
six parts tin alloyed with 1 part of antimony, and 6 parts 
tin with 1 of copper, and the two mixed together. 

For lining crosshead brasses the following harder alloy 
has been found to give good results: 85% tin, 5% copper 
and 10% antimony. 

9. NICKEL-STEEL. 

It is submitted that steel of this class offers advantages 

for forgings of warship engines where lightness is im- 


portant, but that careful annealing after forging 
essential. 


is 


10. VALVE GEAR. 

Submitted, that adjustable-link motion, with double- 
plate links, according to the best design in H. M. sh‘ps, 
leaves little room for improvement, but advan’age would 
result in some cases from running the lower halves of the 
eccentric straps in troughs containing a mixture of oil and 
fresh water. 

It is further submitted that it is desirable to watch de- 
velopments in connection with a type of modified valve 
gear (Patent No. 3761 of 1901), which is being introduced 


™%, compared with recent Admiralty specifications. For 
efficiency, the governing condition is as large a surface, 
and, therefore, as low a speed of flow through the medi- 
um as considerations of weight and space permit Towel- 
ling in three strata as used in the service is on the whole 
satisfactory. From the point of view of keeping down 
weight of construction, the 30-lb. test pressure which has 
been specified for grease filters, irrespective of the working 
pressure to which they can be exposed, is undesirable. 
13. CENTRIFUGAL PUMPING ENGINES. 

Submitted, that these for main and auxiliary condensers, 
as fitted in H. M. ships, are satisfactory, where not also 
used to drive air pumps. The steam cylinders should be 
of sufficient size to do the maximum work with not more 
than 120 Ibs. initial steam pressure. With single-crank 
engines the exhaust should be arranged with a separate 
change valve to the condenser, as, when running at mod- 
erate speed, with maximum back pressure on the closed 
exhaust system, there is risk of stopping on the dead 
centers. Balanced siide valves are less wasteful of steam 
than piston valves, and involve less risk of breakdown due 
to water being thrown into the cylinders from long ranges 
of pipes by the motion of the ship. A slide valve will 
blow off the face, whereas a piston valve may lock the 
water into the cy!'inder. 

14. AUXILIARY STEAM PRESSURE. 

Submitted, that the balance of advantage is in favor of a 

pressure not exceeding 120 Ibs. 
15. FIRE AND BILGE PUMPS. 

Submitted, that, as duplex pumps give a more uniform 
delivery than double-acting single-barrel pumps, it is de- 
sirable to fit them in preference to the latter, where used 
for fire-extinguishing purposes only. Where, however, 
the same pump may be used for bilge pumping, fire and 
sanitary work the balance of the advantage lies with the 
single-barrel type. provided that it is not of so smail a size 
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that there is trouble from the shuttle valve sticking. The 
pump barrels in any case should be of gun metal, with 
easily-renewable gun-metal liners and gun-metal valves. 
The pump pistons should have ebonite packing rings, where 
eold, clean, fresh water, or sea water, is to be pumped. 
For hot or impure water white-metal packings, which can 
be readily renewed are preferable. 
156. CRANK-PIT PUMPS. 

Submitted, that it is desirable th large ships to fit a 
steam pump in each engine room, to be used for this work 
when the ship is under way, and that it should be of the 
duplex type, having gun-metal pumps, with the pump pis- 
tons, packed with white metal, and with gun-metal valves. 
Each pump should be steam controlled by a float sunk 
into a small well in the double bottom, at the lowest part 
of the crank pit. That the pump may have to be at some 
distance from ‘the steam-controlled cock is immaterial. 


17. CLOSED EXHAUST EVAPORATORS AND DIS- 
TILLERS. 


Submitted, that the closed exhaust system, and the evap- 
orators and distillers for working in connection with that 
system, and with live steam, according to the latest ser- 
vice practice, are satisfactory. If auxiliary condensers 
are not fitted, or are not used when under way, the coil 
drains would be led to the main condensers. 


18. DYNAMO AND FAN ENGINES. 


Submitted, that these as fitted are satisfactory, except 
that the cylinders should be kept of such size that the ini- 
tial steam pressure does not exceed 120 lbs. Slide valves 
are preferable to piston valves for the reasons given in 
clause 13 above. 

19. AIR SUPPLY TO FANS, 

Submitted, that when permanent cowls are abolished, 
the question of efficient downcasts to the fans requires 
consideration, as canvas windsails are not satisfactory. 
One solution of the question is a rectangular steel trunk 
having a hinged flat top. 

20. AUXILIARY CONDENSERS. 

Submitted, that except where double-main condensers 
are used, these as at present fitted are satisfactory, but 
that the service system of keeping one in use when the 
ship is under way, and even throughout long voyages, is 
uneconomical and unnecessary. In merchant steamers 
which have in some cases as many auxiliary engines as a 
first-class cruiser, and which have to stop at calling ports, 
with the electric-light installation, and many other aux- 
iliaries at work, no difficulty is found in exhausting all 
these to the main condensers, both when the main engines 
are running. and when they are stopped, and this holds 
good even in the case of air pumps driven off the main 
engines. With independent main air pumps, regulation 
of the speed of the electric light engines or other auxil- 
iaries on account of the vacuum being broken when the 
main engines stop is, of course, obviated. 

21. STEERING ENGINES. 

Submitted, that the service system of exhausting this to 
the auxiliary condenser is, as pointed out in the preceding 
paragraph, uneconomical, because it involves running the 
pumps in connection with that condenser. Considerable 
steam economy results from the comparatively recent 
practice of fitting to steering engines a type of supple- 
mentary cut-off valve, which is automatically worked by 
the control gear. 

22. EVAPORATOR FEED PUMPS. 

Submitted, that double-crank pumps with ordinary slide 
valves worked by eccentrics are preferable to direct-acting 
pumps with blow-over steam valves, as that type of valve 
is apt to stick im-the small sizes. 

23. ELECTRIC DRIVEN AUXILIARIES. 

Submitted, that motors are suitable for driving fans of 
moderate size, small centrifugal pumps, and in some sit- 
uations geared crank pumps, but that they are not suit- 
able for use with capstans, hoists, winches, or other ap- 
pliances essential to the safe handling or fighting of the 
ship, and in which the load may exceed the power of the 
motor, as in that case the fuse may be burned out or the 
armature damaged at a critical time. 


PAR. 19.—HEATED AIR SUPPLY TO LARGE TUBE 
YARROW BOILERS. 


Considering that with this type of boiler the course of 
the gases to the uptakes is very direct, at full power over- 
heating of the upper parts of the casings may prove a 
source of trouble. For this reason the systems of closed 
ash-pit forced draft, with air heaters and casings, which 
are described, may be found advantageous. In cylindrical 
boilers having air-heating tubes in the uptakes, buckling 
of the lower tube plates of these sometimes results from 
‘flaming.’ This causes leakage of the air under pres- 
sure into the uptakes, with resulting falling off in the per- 


~ formance of the boilers. That points to the desirability 


of using with Yarrow boilers either a type of tube air 
heater in which the tube plates are not exposed to direct 
impact of the hot gases, or one such as that last referred 
to in paragraph 19, where possibly the casing plates 
might buckle to some extent and still keep tight at the 
landings, if close riveted, with a strand of asbestos be- 
tween The arrangement of double casing has the further 
Mivantage that it secures cooler stokeholds. 


PARAGRAPH 21. 

I am of opinion that a type of water-tube boiler which 
involves in its construction machine work of extreme ac- 
curacy, and for which the refinement of gages is neces- 
sary, may ultimately prove less suitable for H. M. ships 
than a tyxe which does not require for its manufacture 
and up-keep machine tools of a character differing greatly 
from those generally used in boiler making. 

PARAGRAPHS 26 AND 27. 

The committee's attention was,by the terms of reference, 
not specially directed to ‘‘Express’’ boilers, and therefore 
no such examination has been made into the relative 
merits of those most in use which warrants any very 
definite expression of opinion. 


THORNYCROFT-SCHULZ BOILER.—In progress re- 
port, 1901, at p. 38. reference is made to the boilers of this 
type which were examined under construction at the Ger- 
mania Works, Kiel, for a German battleship, to be used 
in combination with cylindrical boilers. 

It appears from evidence put before the committee (pp. 
282 to 286, ‘‘Minutes’’) that this type of boiler is in use 
in the battleships and cruisers of several other foreign 
powers, 

Where the following points of design are carried out, 
I consider it suitable for use in combination with cylin- 
drical boilers in ships above the size of third-class cruisers 
in H. M, Navy: 

1. The tubes to be of not less than 1% ins. in external 
diameter and not less than No. 8 L. S. W. G. thick. 

2. The curvature of the tubes to be such that a flexible 
cutter can be passed through them for the removal of 
seale. 

3. The arrangement of the tubes to be such that only a 
small percentage discharge above the water level, and 
that there are no air jocks tn them when the boiler is 
filled right up. 

STIRLING BOILER.—This, in its land form, is coming 
extensively into use. In its marine form it possesses 
several good features, and has been at work on land and 
also in a sea-going vessel for some time with success. 

WEIR BOILER.—This also has been at work on land 
for some considerable time with success, and when sub- 
mitted to a careful examination by the committee was 
found to be in good condition. ° 


THORNYCROFT-MARSHALL BOILER.—This type,with 
large single-back header, has also been at work on land 
for some considerable time with success. 

I am of opinion that these three boilers which are all of 
the large-tube type, and which have passed the experi- 
mental stage, are worthy of trial in vessels attached to the 
dockyards where their performance could be carefully 
watched, and where trials could be made at sea for ex- 
tended periods under service conditions. 

SCHICHAU BOILER.—This I consider has features of 
design which warrant that its further development should 
be closely followed. 


PAR. 29. RETARDERS. P 
I would suggest further that a trial of retarders without 
ferrules be made in an existing ship having suitable cylin- 


also reduce wear and tear on the firebrick we 
ings. At the same time it would admit of 
thoroughly the very careful and systemati: 
overhauling which is essential if boilers of +) 
to be maintained over extended periods in a ; 
dition for full-power steaming. 

I consider it undesirable to limit the loaded , 
such combinations to 210 Ibs., as designs which 
their Lordships show that 220 Ibs. is quite pra 
cylindrical boilers for a first-class cruiser, 

HOWDEN’S FORCED DRAFT 

Considering the very extensive adoption of + 
in the mercantile ‘marine, and its proved ad, 
am of opinion that if carried out in accordance 
tain designs which are before their Lordships ¢; 
of the ‘‘Devonshire’’ class, it would give better 
those ships than closed-stokehold forced draft 
cylindrical boilers. 

I would further suggest that this system shou! 
plied, not only m a cruiser, but also in a battl:- 
cially designed for an installation consisting e¢; 
modern high-pressure cylindrical boilers. This » 
mit of comparisons being made, not only wit! 
ships having all water-tube boilers, but also w 
‘n which different combinations of water-tube a 
drical boilers are fitted. 


A NOVEL APPLICATION OF CONVEYING MACHi\epy, 


The accompanying cut shows a highly ingen joys 
method of loading vessels on a rocky coast. The 
plant shown is installed near the city of y 
on the northwestern coast of Spain, and rves 
to load into ships the ore from the iron inin 
of the Vivero Iron Ore Co. The loading pliant 
consists of an inclined conveyor, which draws ma- 
terialfrom stock bins locatedupon the hillside and 
is so arranged as to discharge into the hold of a 
vessel lying out in deep water, about 400 f:. off 
shore. This arrangement is made possible by sup- 
porting the conveyor on a cantilever girder or 
bridge, as is shown in the view. The bridge rests 
on an abutment built on a small rock in the 
water some 250 ft. from shore; the inner end is 
anchored to the rock of the shore, while the oute: 
end projects about 150 ft. beyond the cantilever 
support. The conveyor is supported on the top 
of this bridge, and its buckets dump automati- 
cally at the outer end into a telescoping chute 
which leads down to the hatchway of the vessel to 
be loaded. 

The conveyor is entirely automatic, and operates 
by gravity, the full buckets going down to the 
outer end of the bridge, discharging there, and 
returning to the bins. The length of the con- 
veyor is about 700 ft., and its total fall about 
70 ft., giving thus an average gradient of 1 in 


A CONVEYOR FOR LOADING IRON ORE INTO SHIPS OFF A ROCKY COAST. 


drical boilers, and in which efficient grease filters are 
fitted. 
PAR. 30. COMBINATION INSTALLATIONS. 

Where in these a type of water-tube boiler is used which 
is fairly light, and which admits of considerable forcing, 
I consider that the balance of advantage is in favor of 
combining with these about 30% of the full power in 
cylindrical boilers rather than about 20%. The larger 
proportion would avoid forcing unduly the cylindrical 
boilers, and would admit of the water-tube boilers being 
less oft2n used, which would not only economize coal, but 


10, which appears to be sufficient for operatin= 
The capacity of the conveyor is 275 tons per )) Ur. 
The telescoping chute arrangement at the ter 
end permits of loading even in quite 1 sh 
weather. 

It may be mentioned also that the storaz ins 


from which the conveyor is fed are supplied m 
the mines by a cable tramway about thre: es 
long. The whole plant was installed by if 


Bleichert & Co., of Leipzig-Gohlis, Germar 
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